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Tuning in for radio transmission. Each item of equipment is not much bigger than a suitcase 


A leapfrog telephone system 
for the Armed Forces! 


\ new communications system, which takes to the air 
when water or rough terrain prevents the stringing of 
wires, has been developed for the U.S. Signal Corps by 
Bell Telephone Laboratories. 

It uses cable and radio relay interchangeably over a 
1000-mile range. It is easily portable, unaffected by cli- 
mate, and rugged enough for global use. Twelve voices 
travel at once over a pair of wires or radio waves — as 
clearly and naturally as over the regular telephone system. 

This is the first time a completely integrated wire and 
radio system of this large a channel capacity has been 
available for tactical use by the Armed Forces. It is 
already in production at Western Electric, manufacturing 
and supply unit of the Bell System. 

The new system is a joint achievement of the Signal 
Corps. Bell Laboratories and Western Electric... one of 
the many results of long and fruitful co-operation. It shows 
again how techniques which the Laboratories develop con- 
tribute to our national strength. 


0:5 Bell Telephone Laboratories 


Improving telephone service for America provides careers 


for creative men in scientific and technical fields 


Amplifiers like this 
are used every 534 
miles in cable portions 
of the system. They 
are weatherproof, can 
be used on a pole or the 
ground, and will even 
work under water. The 
system uses a Spiral 
wound cable developed 
by the Signal Corps. 


Easily raised antennas 
send or receive for the radio links 
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Me . 
E. G. RICHARDSON 
. Dr. Richardson, a member of the physics department, University of Durham, 
Car King’s College, Newcastle-upon-Tyne, England, is also an adviser and lecture? 
a-Pu \ in architectural acoustics. He has published several books and articles on sound . 
' orchestral instruments, fluid dynamics, and physical science in art and industr) 
hal During World War II he was a member of the scientific staff at the Admiralt 
M and at the Royal Aircraft Establishment 
c 4 USICAL acoustics is one of those peculiar contributed something, as I shall endeavor to show, 
“sel disciplines that border on both the arts we who work in electroacoustics have not been 
it aM and sciences. For a long time, the design able, up to the present, to do much more than dot 
of orchestral instruments was the domain of the the 2’s and cross the ¢’s for the musical craftsmen 
2 musical craftsman who proceeded by cut-and-try One of the difficulties of this study, as I have 
win thods, with only an intuitive knowledge of phys- just hinted, is that it involves several different 
s. cs to help him and only his ear to guide him. branches of science. It is not just applied physics, 
ire In the last 50 years electronics has revolutionized and he who tries to treat the ear as a galvanometer, 
this process, Just as it has so many other branches always registering the same response to the same 
pes ; { applied physics; and even if it has produced no — stimulus, is oversimplifying the tasks of musical 
ew music-maker more startling than the electro- acoustics. 
sts, 8t onic organ, it has put at the service of the instru- sefore we can start assessing the beneficial effects 
tla nt maker electronic equipment with which to that alterations in the build of a musical instru- 
. test precisely the effects of acoustical improvements ment may produce, we must have means of pre- 
Beem the sound sources that he fashions. Not, of cisely measuring pitch (or frequency), loudness | o1 
course, that one should decry the ear as the ultimate intensity), and quality. 
I ibiter—after all, a concert audience does not con- Someone may object that all this can be done by 
bet 9 ist of a bunch of cathode-ray oscillographs—but the trained ear unassisted by scientific parapher- 
Natl the scientist feels he is getting somewhere when he © nalia. Although it is true that the ear can analvze 
19 nds a famous organ builder introducing oscillo- quality in the way that we want, it is difficult, if 
horek graphs, wave analyzers, and sound-level meters not impossible, to use it as a precise measuring 
nto his factory. instrument. There are many people who cannot say 
[t is, indeed, not surprising that the empiricists when the pitch of one note is twice that of another, 
ss id accomplished much by the middle of the 19th and even trained musicians find difficulty in saying 
Cesar century, but then look what a long time they had when one note is precisely twice as loud as another 
been working—since the times of the ancient Egyp- of equal pitch; trained musicians have still more 
ans and Greeks certainly. On the other hand per- difficulty when the pitch is not the same. We ex- 
” haps there is not such a large step between the — perience the same difficulty in using the eye to test 
A trumpet in ‘Tutankhamen’s tomb and the trumpets _ relative brightness or the sense of touch to measure 








in Duke Ellington’s band. Although we have _ pressure. 
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For these and other reasons, the scientist is chary /\ . 

of asking of his sense organs anything further than es VY\ / 
to tell him when two marks lie exactly over each = 
other! ‘This accounts for his fondness for having 

pointers that move over dials on his apparatus. 

‘Thus, in the apparatus described in the following 

paragraphs, we replace the ear by electric devices 

that have dials for measuring frequency (for pitch 5 Pe 
and intensity (for loudness Siactlns a be LYNN 
operated by a person who is stone deaf. I am afraid i 

I do not have the space to go into the question of | I a = am 
the calibration of these instruments to insure that ' 7 * * 7 ° 7% % 292 2 3 4 9 € 
their response corresponds to that of the average — Fig, 1, Examples of acoustic analysis: top, complet 


ear, but it is an extremely important matter. forms; middle, several components of the wa 
bottom, spectrums of the complete wave forms 


Analysis of Musical Sounds 


In our sound laboratory at Newcastle-upon- — the film and the slit D casts an image of 


l'yne, we use several methods of sound analysis, but — section of the film on the photoelectric cell P. | 


in the main we prefer one of two according to wave form on the film is, thus, converted b: 
whether the sound is to be analyzed while it is synchronous electric waves in the circuit cont 
being produced or whether a record is to be made — ing the photoelectric cell and the analyzer 4 
for subsequent analysis. In the latter case, we This electric wave analyzer is like a wireles 
record on film, using a ribbon microphone, ampli- ceiving set in principle, but it covers the ¢: 
fier, and cathode-ray oscillograph, so that the sonic waves instead of the ultraradio fr 
record is obtained as the trace of a single black waves that are used to “carry” broadcast 
line on a white background (or vice versa) corre- One proceeds to tune the analyzer throug! 
sponding to those shown in Fig. 1. quency range of 20 to 20,000 cy /sec, picking uy 
In the oscillograph, a beam of electrons is usually various harmonics of the wave form and noti1 
shot onto a luminescent screen but is made to move — readings of the voltmeter that records the intens 
up and down in step with the sound waves picked of each constituent signal. (‘This instrument 
up by the microphone after the sound has been in fact, an indication like that often given o1 
converted into electric waves and amplified. In the radio set to indicate optimum tuning to 
camera that photographs the movement of the spot —tion’s frequency. ) 
formed where the electrons hit the screen there is a If the sound to be analyzed is a musica 
sensitive film moving horizontally at constant speed. of constant pitch and intensity, the current 
The resultant wave form developed on the film is the recording microphone is taken directly 
a combination of the vertical movement of the spot amplification to the wave analyzer without 
on the screen and the horizontal motion of the film. intervention of the film; but if we are dealin 
Before the film can be analyzed, it must be con- transients, we have to make a film and ana 
verted into a record of the “hill-and-dale” type by short portion of it. 
blackening the whole of the film that lies to one Figure 1 shows two examples of this anal 
side of the wavy line, leaving the other side trans- two comparatively simple sounds. The top 
parent. This is done on the positive from the nega- shows one complete period of the wave for 
tive obtained in the camera. It may be noted, by 
the way, that we could get a record of the “hill- 
and-dale” type directly by using equipment of the 
“talking-film” type, but we prefer the oscillograph 
because of its more faithful reproduction, in spite 
of the labor involved in blackening a short length 
of film. 
A short length of the film comprising three or 
four complete wavelengths is wrapped around a 
elass cylinder (Fig. 2, C), at the center of which is 
the filament of the special lamp L. By means of 
the constant-speed motor, /, the glass cylinder is 
rotated, and as this happens the lamp shining past ‘ig. 2. Photoelectric analyzer. 
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the oscillograph. Underneath are three 
‘le wave forms into which the original 
| by the machine. These are also shown 





nagnitude by the height of the black 





. n the “acoustic spectrogram” at the 





these two cases the components were 





nics and were comparatively low in the 





n the intensity of a musical instrument 





x when we are dealing with complex 





e a bell or the human voice, the com- 
all the 


and, moreover , they ereater 





re no longer harmonic to fun- 





cover a 





{ the musical scale so that our analysis 





nd to the detection of a score or more ol 





nes within the frequency range of the ap- 







the Orchestra and the Auditorium 





| course, impossible to dissociate the acous- 





n orchestra. considered on a whole, from 





e building in which it plays. 
Until the 16th century the Church remained the 







incipal source of music performed in public. It 





as unfortunate that worship became associated 





vith a type of building which, although it was 





ipable of great beauty in the esthetic sense, 






brought with it not only a “‘dim religious light” but 






reverberation, with the result that seeine 





CXCESSIVE 


ind hearing became equally difficult for the con- 






regation. The organ lent itself to the latter condi- 
of the 
speeches of all musical instruments, and the tradi- 





tion by having one slowest on-and-ofl 







became tolerated that every note and syllable 





n the church service must be long drawn out. An 


ly print suggests that the need for amplifiers 









n the form of megaphones was even then found 






cessary to convey the speaker’s voice to distant 






Id1tors 





The first concert music appeared in the houses 
16th century. The 






noblemen in Venice in the 





nsuments were mostly viols, and if these were 





layed in small music rooms to a select audience, 





conditions approached those that we may get in 





sical “at-homes” nowadays. If, however, per- 






iormances were attempted in the lofty halls of con- 





orary Italian palaces, it should have become 





ipparent that the precision of the string music was 





ost. Whether or not that was true, interest in acous- 






cs was reawakened, and we find Athanasius Kuir- 






publishing a treatise on it in 1675, although 





is more concerned with the vocal than with 





strumental aspects of the question. It was not. 





however, until the beginning of the last century 





with the march of science, serious considera- 





tion was given to the design of acoustically good 





riums. The name of Adolphe Sax is not 
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Was a 


some serious musicians, but he 


revered by 
man with ideas in advance of his time, and it is no 
fault of his that his design for a new wind instru- 
ment was put to—musically—base uses a century 
his design for an acoustically good con- 
Fig. 3 


the 


later, while 
cert hall was never used at all 
19th 


Leipzig Gewandhaus as the model for good acous- 


During the century tradition of the 


tics took root. ‘There was considerable justification 
for this, and the lessons learned from this famous 
concert hall have not been lost upon the architects 
of today. The feature that gave the Gewandhaus 
its good acoustics was the abundance of wood in 
the decoration of the interior. On the side walls. 
wooden panels lent resonance, and on the ceiling, 
massive 


broken up as it was by a ramification of 


king posts and queen posts, there was a reasonable 
diffusion of the sound and an absence of prominent 
echoes in spite of its height. For those who could 
not design acoustically well either by instinct or by 
copying a good model, there remained the pseudo- 
scientific palliative of the wire network. At one 
time, halls of excessive reverberation had miles of 
this perfectly useless wire stretched across from 
side to side at pic ture-rail level. 

he American scientist Joseph Henry enunciated 
in 1856 the fundamental considerations that deter- 
mine the acoustics of an auditorium. The relevant 
considerations are the size of the hall, the streneth 
of the sound, the position of the reflecting surtaces, 
and the nature and material of the reflecting sur- 
four 


each one of these 


effect 


faces. The way in which 


factors contributes to the auditory was in- 
vestigated in a set of classical experiments by Wal- 
lace Sabine of Harvard, who made gradual changes 
In one factor at a time while keeping the other 


He 


constant pressure as the source of sound and meas- 


three constant. used an organ pipe blown at 


ured the time that elapsed from the instant at 


Va. 


Aas . 
sie 
ae “<0Siseteutuusseeanenesone== 





Design for concert hall made by Adolphe Sax 


Fig. 3 









which the wind supply was turned off from the pipe 
until the sound was inaudible. This measurement, 
which he called the time of reverberation, he found 
to be proportional to the cubic capacity of the bare 
hall, while, when he introduced absorbing material 
in the form of cushions in large numbers, he found 
that the time of reverberation was in inverse pro- 
portion to the quantity of absorbent introduced. 


Tonal Balance 


Assuring the correct reverberation is not, of 
course, the whole desideratum behind concert-hall 
acoustics, but it is very important, and there are 
other details to consider before we pass on. ‘The 
most important of these is the variation in the time 
of reverberation with pitch. Porous materials show 
smaller variations in this respect than do harde1 
materials, which tend to be selective, especially 1 
they are so attached to the walls that they can 
“drum” under the action of notes of the pitch to 
which they exhibit resonance. Porous materials on 
the other hand tend to absorb sounds coming onto 
them perpendicularly better than those incident 
obliquely, which is undesirable. Even so, the ab- 
sorption shown by porous substances, such as the 
clothing of the audience, may vary by 3 times from 
extreme bass to treble. Usually the absorption rises 
to a maximum and then falls again going up the 
musical scale, so that, to get uniform absorption 
over the gamut, some substances having an absorp- 
tion maximum in the bass and others with the peak 
in the treble must be introduced. The former may 
be wood or fiber panels with an air space; the 
latter, fibrous plasters applied to the walls. 

It is clear that, on this basis, a different rever- 
beration time will be desirable for different types of 


music: piano, organ, voice, quartet, or orchestra. 


lo a certain extent such differences may be as- 
sured by hanging textiles that may be fully exposed 
or more or less rolled up. 

Two additional factors that apparently have 
been greatly underestimated in the past are the 
ear’s sensitivity to the direction and distance of the 
sound source. The incident sound waves produce 
sensations not only of the direction but also of the 
distance of the sound source. The sensation of di- 
rection is known to be the result of the time inter- 
val between the waves’ arriving at the two ears: the 
sensation of the othe 
produced by the low-frequency transients. These 
low-frequency y the 
building-up and the dying-out of musical sounds 
and they continuously interrupt the steady musical 


the distance, on hand, is 


transients are produced by 


tqnes. They produce a sensation depending upon 
the curvature of the wave front—that is to say, 
upon the distance of the source. 


It is not difficult to demonstrate the fact that the 


214 


low-frequency transients are responsibk 
distance sensation. We have to use only 
microphone, which, like the human ear, « 
certain percentage of velocity reception, a 
a simple magnetic telephone for reprodi 
sound. ‘The magnetic telephone usually h: 
damental frequency above 300 cy/Sec, ar 
sponse falls off at low frequencies. Hows 
this is the important point, it will not r 
low-frequency transients; for this reason 
frequency transients of the original sounds 
be distorted by the telephone. If we speak 
microphone, the listener in the other ro 
have the impression that the speaker is tall 
the listener’s ear. If we suppress the low fre: 
that is, 


by means of a high-pass filte1 cut 


quencies below 300 cy/sec—the speaker w 
to have moved suddenly to a great distance 

Of course, the impression of distance is 
relative sensation, not an absolute one. A 
sound source particularly rich in low-fr 
transients will always be judged to be in the 
ity. On the other hand, the sound that origi: 
from a source deficient in low-frequency trat 
always seem to be at a distances 


will creat 


demonstrate this we may compare the sensati 


produced by a sinusoidal vibration with that pr 
duced by a warbling tone. The sinusoidal oscil] 
tion sounds faint and thin, as if the source we 
long way off; the warbling tone, however, seems 
originate from the immediate vicinity of th 
We may note a remarkable musical quality of t 
warbling tone in comparing it with the 
sinusoidal vibration. 

The transients not only are responsible for 
sensation of distance but also create a particulai 
pronounced sensation of the direction of the soure: 
This may be readily shown by simple experiment 
We may hide a few loudspeakers and drive thei 
by sinusoidal currents; a person placed in t! 
middle of the room will hardly be able to locat 
single speaker correctly. If, however, we switc! 
current on and off, there is no difficulty in guessing 
the exact location of the speakers. By switching t! 
current on and off we excite the transients o! 
speakers, and these characteristic features mak 
possible to localize and to distinguish the speakers 
from one another. The transients are thus recog 
nized to represent the direction and distance n 
of our sound sources and therefore enable us t 
localize the various instruments in the orchestra 
and to distinguish them in the general sound pat- 
tern. ‘They are the main reason why the sound « 
an orchestra does not blend into a single comp« 
tone but maintains the individual features of th 
various musical instruments. 


And furthermore, it can be shown that the t: 


THE SCIENTIFIC MONTHLY 








QO] 


ribby 


ibits 


S only 
Tee 
. LLIGCe? 


equen 
i 


riginat 


ansients 


nce, | 
ensatior 
lat pro- 
oscilla- 
were 

CeCT™NS | 
the ea 
y Ol the 


unres 


lor tl 
iculai 
source 


iments 


uessing 
ing the 
of the 
Pci Ke 

yeakers 
recoe- 


WarKS 





















































hs aes 





se the quality of the vibration of a musical 
nt to that of a musical tone and that they 
sive with regard to the brilliancy of the 
If we watch the picture of the sound of a 
instrument on the screen of an oscillograph, 
1e peaks and all the other parts of the oscil- 
continuously changing their amplitudes 
sitions, however steadily we may try to bow 
lin or blow the trumpet; on the other hand 
the en picture made by an electric generator 
we remain the same all the time. ‘The musical 
is. thus, something alive, a sound continu- 
ously changing in its details. And this liveliness is 
ature that distinguishes musical sounds from 

¢ imitations. 
» obtain the musical effect of a sound pattern, 
not so much the hearing of the distance and 
direction that matters, but the hearing of a certain 
acoustic “width” and a certain acoustic “depth.” 
If we suppress the low frequencies and hence, also 
the low-frequency transients, the sound pattern will 
lose its acoustic depth and will thus produce a stale 
and thin impression, like the reproduction of a 
radio lacking in low-frequency amplification. ‘The 
onditions are similar in the open air or in highly 
damped halls, where the loudness because of the lack 
of reverberation, greatly decreases with distance. 
Owing to the peculiar characteristics of the human 
ear, the subjective loudness of the low frequencies 
always decreases at a higher rate with distance 
than that of medium-pitched tones, with the result 
that the sound picture becomes poor in low-fre- 
the 
[his also seems to be the reason that, in the 


quency transients when we go away from 
source, 
open air, we always have to use trumpets, drums, 
and other instruments that are rich in low-fre- 
quency transients. 

In a large hall also, some of these low-frequency 
transients are lost, and we must try to make up for 
them by increasing the amplitudes of low-frequency 
steady tones. This is why the orchestra in a large 
concert hall needs plenty of bass and why the organ 
pipes in a church must be large if the nave is 
large. The musician implies this by saying that the 
orchestra or the organ has to be “tuned to the re- 


sonance of the hall.” 
Strings 

lhe stretched string set in vibration is one of the 
oldest types of musical sound producer. The string. 
of gut or metal, being put under tension, may be 
set in vibration by bowing, plucking, or striking. 
O! these, the first is, from orchestral aspects, the 

st important, since it gives the foundation tone 
of the orchestra. At first known in the chamber 
orchestra of the 15th and 16th centuries under the 
me of viol, this instrument was given greater in- 


il 
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tensity of sound and color in the form of the violin, 
invented about 1550 in Italy. These improvements 
were obtained by increasing the tension and adding 
a sound box and board. Viol-type instruments were 
made in various sizes of which the violin, viola, 
and violoncello remain. 

The shape of the violin is sketched in Fig. 4. 
the holes through which 
the 


phere, the bass bar BB that is designed to give 


Prominent features are 


the air vibrations communicate with atmos- 
strength to the upper wood to which it is glued, 
and the sound post §, which lies under the bridg 
usually under one foot and prevents the case 
from collapsing under the pressure of the bridge, 
which in turn supports the pressure of the strings 
in tension. 

Each of the stringed instruments has one main 
resonance resulting from the air cavity and an- 
other ascribed to the body. In the violin, these re- 
sonances are, respec tively, near 300 and 500 cy /se¢ 
Although these resonances are apparent in the fre- 
quency spectrums of both good and bad violins 

Fig. 5). it is undesirable to have them unduly 
prominent. Especially on a poor violin, when a 
tone near that natural to the belly is elicited, cou- 
pling between the two results in an uncontrollable 
wobbly note, which has earned the name of ‘‘wolf.”’ 


The belly 


large amplitude, whereas at frequen¢ ies a little 


then executes a sinusoidal motion of 
above or below, its motion is quite complex. A fact 
that does not seem to be explained is that the wolf 
note is usually observed at the upper harmonics of 
the wooden system of the violin and not at the 
fundamental. 

The 


fairly evenly spread over the playing range 


various resonances should, of course. be 
hive 
octaves above the G string in the case of the violin. 

Cheap violins lack intensity in the lower register, 
but this fault may often be corrected by the maker. 
Phe quality is affected by well-known adjustments: 
the position of the sound post and the height, 
weight, and form of the bridge are all generally 
The right foot of the bridge. 


which stands over the sound post, hardly moves, 


subject to variation 


but the bridge tilts laterally about this foot. thereby 
transmitting string vibrations to the belly through 


the bass bar. (It mav also tilt longitudinally if un- 
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curves of several violins [redrawn from 
Violins and Violinists|, loudness verti- 
frequency horizontally. Arrows indicate open 
strings. a, an Andreas Guarnerius with good peak-spac- 
ing but weak spots. b, an expensive old Italian 
violin, weak above A 440. c, an unfortunate type among 
cheap and expensive violins both. The coincidence of A 
and P’ leaves a bad D string valley. d, same as e after 
treatment. Average level 2.5 units higher. Both P and A 
the air peak) better. The overtone peak P’ helps out the 
low G string original curve of common, cheap 
Note and bad valley around E 


SOoTTi¢ 


tones. @, 
violin weakness of P 


string 
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pleasant shrill longitudinal vibrations of the 
are elicited, but it is so positioned that it d 
readily pass these on to the belly. ) The vib 
of the strings have to pass through a narrow 

in the bridge to reach the feet, and filing thi 
has a profound effect on the acoustic spr 
since it 


partials. 


takes away any shrillness of the 
Tone-color analyses show that the tones 
peaks are rich in the fundamental tone or th 
overtones. These responses have a great deal 
with the total sound given by a violin. Fi 
obtained by | 
Saunders and Mrs. Hutchins. Vhe peaks a: 
result of the natural vibrations of the top pl. 


shows a few response curves 


the instrument and of the included air. The pri: 


cipal one (P) is a body vibration and coi 
with the wolf note if present. There may be 6 | 
lesser peaks scattered apparently at randon 
tween P and the highest the 
plate of wood sounds when it is held at c 


points and tapped at others. The top of a violin 


notes ol violi 


can give several tones when it is held at certair 
points; but after gluing it will have somewhat di 
ferent natural tones because it is part of a | 
structure and is no longer quite free. When thi 
string sounds the pitch of any one of these natu 
vibrations, the violin responds loudly, even 

the natural vibration coincides with one of the | 
monics of the string tone. 

The peak of lowest pitch (A) is caused by 
vibration of the air inside the box, rushing in an 
out of the two f-holes together, at a frequency 
about 280 cy, sec, or near the low C sharp. ‘This 
peak is rather wide and it greatly improves the t 
of several G-string notes by strengthening thei 
fundamental components. When the air vibratiot 
is stopped by soft cotton plugs in the f-holes, ¢! 
peak is much reduced. Its pitch can be raised by 
lessening the volume of the box or by increas 
the total area of the f-holes. The body vibrations 
can have their pitch lowered by thinning the 
of the violin or by loading the bridge with a m 
The spacing of the air and body peaks is very 
portant. A proper spacing leads to a more ¢ 
scale and to strong low tones. 

It is also possible to find a bad arrangement 
the peaks, even in a Stradivarius. Suppose, for 
stance, that the air peak A in a violin comes ni 
the low C on the G string, and the peak P at 
octave above. The overtone peak from P then c« 
cides with the air peak (Fig. 5, C). Such a vi 
has many relatively poor tones; it needs to have 
P lowered, perhaps by a thinner top. 

Let us consider the viola for a moment. Saund 
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as Savart did in 1830, that the an peak 
, ought to occupy a position similar to the 
is so successful in the violin. This would 
at F sharp on the C string, instead of at 
position about a major third higher. When 
a viola into this condition, the result was 
inting. The C 
ite unlike the rest of the instrument. This 


string boomed with a soft 


ent Was discounted by several competent 
ans because it did not sound like a viola. To 
the low air peak that Savart desired, the 
had to be so small that the air met with a 
deal of friction in vibrating in and out of thi 
and this weakened the air peak. To over- 
this difficulty, one would have to increase the 
th of the viola so much that it would no longet1 
nder the chin; this Savart idea was finally 
doned. 
lhe latest improvement introduced by Saunders 
lin. A 


certain 


thin the top plate. The edge is thinned only 
the parts of the top that are easily reached. 
violin Under the tailpiece and the fingerboard, the wood 
ertalr 5 ft in order to bear the tension of the 


it dif- 


strong, 
strings. No thinning is needed near the f-holes be- 
larger cause these free their part of the top themselves. 
n the He now recommends thinning a strip on the inside 
of a violin top that is 4% in. wide, reducing the 
Since making the first thin 


lees, he has produced several new violas with this 


thickness to y 64 in. 


{ 


eature; and several other violas, violins, and ’cellos 

have been thus treated. In every case the instru- 
n and ment has been improved, in most cases very much. 
icv ol he physical differences between good and medi- 


his ocre violins seem, from the work of Saunders in 
> ton the United States and Meinel in Germany, to be 
then fact, to 


differences do not exist: audiences of musi- 


somewhat 


atiol these 


intangible. In many people, 


this eal critics often are unable to pick out a Stradi- 
d by 


asing only 


varius from other good modern violins if they can 
hear and not see the instruments. Saunders 
{tions maintains, however, that an experienced player can 
e top tell when he is playing on a good violin, although 
nute he may not be able to express the difference in 
words. In part, it seems to be a matter of ease of 
tone production or “singability” in an instrument: 
but the transients, which have not yet been studied 
thoroughly, also seem to play a part. 

| have already mentioned the important part 
that transients play in differentiating instruments 

different families. Skudryzk opines that the old 


tasters and their good modern equivalents radiate 


se transients (particularly in the low frequen- 

better than less good violins, making the 
mer stand out better im-concertos. Kurz, on the 
er hand thinks that the Alirrfaktor (nonlineai 
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amplification) is important for this differentiation 
and compares an old master and a mass-produced 
violin in this respect, finding that the forme 


a pronounced distortion peak about middle C 


has 
Wood of great age shows a particularly small 
internal friction at low frequencies. The sound of 
old violins will, thus, be very rich in low-frequency 
transients; and their tones will, therefore, be 
very plastic and will always be distinguished from 
that of the other instruments in the orchestra. The 
old violins inay sound feeble in the proximity of 
the player but, listened to from a distance, they 
seem to overpowel the whole orchestra. ‘Vhe inter- 
nal friction of the aged wood increases with the 
frequency, causing the higher overtones to fall off 
greatly in amplitude, which gives a sound particu- 
larly soft and agreeable. For new woods, the inter- 
nal friction at low frequencies is larger, at high 
frequencies smaller. Modern instruments will thus 
tend to be smothered by the orchestra and will 
sound more harsh, but on account of their smallet 
friction at high frequen ies they will produce a 
more lively, brilliant impression. 
Varnishing has an effect similar to aging. Its ob- 
ject is to increase the friction at the high frequen- 
cies so that the instruments will show a soft sound 
quality. The low frequencies must not be affected 
by the varnish: otherwise the quality of the instru- 
ment will decrease. With increasing age of the in- 
strument, the varnish becomes stiffer and its damp- 
ine will gradually be reduced. By then, however. 
the quality of the wood will have increased by a 
corresponding amount, and the varnish will no 
longer be required. Another important factor is the 
mechanical distortion of the body of the violin. ‘To 
minimize this distortion, the violin is fitted to the 
outel 


curvature of the portion of its resonating 


body and is reversed to the curvature of the inne1 
portion; thus the system forms a mechanical “push- 


‘The 


curved parts, however, is to increase the radiation 


pull” arrangement main purpose of the 
of the low-frequency transients and make the body 
act as a solid piston at low frequencies. 

Skudryzk thinks that the reason for the qualities 
of old Italian violins is not lost secrets o1 recipes 
for varnishing but is to be seen in the highly skilled 
labor and the great talents of Stradivarius and his 
successors, Which in modern life are not likely to 
recur. 

The case of the struck string presents many 
points of similarity to the plucked string. We should 
expect that a hard, sharply pointed hammer would 
produc ea kinked wave and a consequent note ri¢ h 
in upper partials, and that a soft, rounded hammer 
would produce a hog’s-back type of wave and a 
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more mellow tone. In point of fact, these expecta- Percussion 

tions are realized, for the main difference of quality The soundboard of the piano fills an in 
between the note of the harp and that of the plano function, even more so than that of the vi 

is the result of the suddenness of the displacement far as possible, it must vibrate all in pha 

of the piano wire. Under the comparatively slow not with some parts moving in while othe 
motion of the finger, a plucked string has time to out. since the vibrations would then tend t 
adjust itself to the new forces before the finger lets one another’s effects at a distance. This will 

go, and just before this happens the whole wire possible at high frequencies but it is helped 

is momentarily at rest. But the blow of the ham-  jng a board with a high elasticity (hence. 

mer lasts only for a time comparable to the time of | of sound) and low internal friction. Your 
oscillation of the string. Photographs show that a shown that after the initial peak on striking 
piano hammer remains in contact with the wire occurs a fairly uniform decrease in intensity ai 
for less than the time of one vibration before it rate ereater for the higher partial tones, so that th 
flies back. Under these circumstances the struck sound becomes simpler as it decays. 

point moves in advance of more remote parts of the The same thing is shown by the church bell. Th 
string, which may have only started to move before clapper strikes at the sound bow, the section whicl 
the blow is finished and the struck point is begin- owing to the change from divergent curves to con: 
ning to return. This naturally complicates matters yergent, has the greatest thickness. Figure 6 is 
to an extent depending upon the force of the blow photograph, credited to the late Taber Jones, giy 
of the hammer. The force of the blow can be in- — ing the wave form of such a bell at various epochs 
creased by increasing the mass of the hammer and after striking. | 

by allowing it to hit the wire at greater speed: The “strike note” of a church bell is the ton 
these expedients are found to increase the intensity that is most prominent when several bells sound 
of the fundamental tone of the wire if the blow is | succession, and this is the tone that is meant wher 
applied, as it is in the piano, near one end of the _ the pitch of a bell is given. To the ear, this prom 


String. nent tone is about one octave below the fifth pai 


As a matter of fact, the striking point chosen is _ tial. In spite of study by various experimenters, th 


one-seventh of the length from one end. It was question of how the strike note is produced Is J 
formerly thought that this had the effect of remov- yet settled. 
ing the objectionable seventh harmonic. In fact, — On several bells, Rayleigh found that the pitcl 
the striking point seems to be so chosen that the | | 
amplitude of the fundamental is large and the 
forced vibrations of the soundboard across which 
the wires are stretched is at a maximum, whereas 
the natural vibrations of the soundboard—those 
which are excited by tapping the board and which 
the maker desires to eliminate—are reduced to a 
minimum. 
Four decades ago the Physical Society of London 
held a discussion on that elusive factor in piano- 
forte technique called “touch.” The opinion pre- 
vailing then among the disputants was that it was 
a fetish set up by the virtuosos for their public to 
worship. This view has received conclusive con- 
firmation from the work of Hart, Fuller, and Lusby 
at the University of Pennsylvania. They made oscil- 
lograph records of the notes produced by two 
American virtuosos on a piano and a set of records 
of the notes produced by a pendulum which on re- 
lease hit the same piano key. In every case, it was 
possible to get an exact match of one of the human 
records with one of the robot’s. The inference is, 
in the words of a speaker at the Physical Society 
discussion: “The only factor that a player can vary 
is the speed with which the hammer hits the Fie. 6. Wave forms of bell. 0.1. 3, 7. 


string. striking. [Taber Jones] 
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to the bell was not given by any normal 
mod vibration of the bell and that this could 
not be reinforced by a resonator. In each case, he 
found that the strike note was about an octave be- 
low the fifth partial tone of the bell, and on a bell 
that he was able to examine with some care he 
found that this fifth partial is heard when the bell 
s struck on the sound bow but soon falls off when 
locality of the blow is varied and, in the upper 
three-fourths of the bell, is very faint. 

Mever and Klaus tested whether the strike note 
s of subjective origin—that is, whether the pitch 
of the strike note is determined by the fifth par- 
tial but for some reason is judged to be in the lower 
octave. For this purpose, the sound from the bell 
was picked up, amplified, and sent to a loudspeaker 
by means of a system that was very free from dis- 
tortion. Electric filters were employed to cut out 
chosen components of the sound. When only the 
first five partial tones from the bell were trans- 
mitted, the strike note was not heard, but when the 
seventh was also transmitted the strike note was 
heard clearly. This experiment seems to show that 
the seventh partial, in addition to the fifth, plays 
in important part in the production of the strike 
note. 

At one time Meyer and Klaus picked up the 
sound from the bell with a condenser microphone. 
lhe response of the condenser microphone was 
linear, and the analysis showed no trace of a com- 
ponent at the pitch of the strike note. At another 
time they made use of a carbon microphone with a 
response curve somewhat similar to that of the 
human ear, and in this case a tone of considerable 
intensity was found at a frequency of about 533 
that is, about the pitch of the strike note. 
Moreover, it is well known that a simple tone 


CV / SEC 


may often be judged an octave higher or lower 
than the pitch given by its actual frequency. ‘Thus, 
it is possible for a difference tone from the fifth 
and seventh partials of a bell, introduced by the 
ilinear response of the human ear and lying in 
‘neighborhood of an octave below the fifth par- 
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Spectrum of bell just after striking 


Mever and Klaus 


tial, to be judged as that of a tone an octave lowet 
ihis at least seems at present to be the best hy- 
pothesis about the origin of the strike note. 

Figure 7 shows the spectrum of a bell taken just 
after striking. The lowest possible frequency or hum 
note (1) is usually weak, the fundamental (2 
being loudest. Above these come various weaket 
overtones, but the strike note, which should occur 
at 530 cy/sec on this bell, is absent. 

The drum is a simpler type of sound source than 
the bell and has harmonic overtones. Often it con- 
sists of two membranes stretched over the ends of a 
cylindrical barrel, the air column in which couples 
the two membranes in vibration. It is the practice 
to hit the drum skin at one-quarter to one-third 
across the diameter, since this encourages the fun- 
damental of the skin, but the pitch of the latter is 
affected by the 
coupled 


cavity resonator to which it ts 


Wood Wind 


The development of wind instruments from their 
very beginnings may be followed even now in the 
sound-producing apparatus of primitive peoples 
However savage a race may be, some form of drum 
and some form of whistle will be found among its 
tribal equipment. The genesis of a whistle is a 
reed cut from the living plant with the pith re- 
moved or a straw. If one end is stopped, a sound 
can be produced in the same way that one can ex- 
cite the vibrations of the air in a door key. 

Since reeds are rather frail, especially if long, 
the next stage was to make an artificial pipe by 
hollowing out a piece of wood or even molding a 


pipe of baked clay. 


‘This pipe was scarcely a musical instrument, but 


the ingenuity of man soon allowed him to play a 
succession of different notes by tvinge together a 
number of such pipes of graded length, so that the 
breath could play upon each in turn or in any de- 
sired order, the whole instrument being moved 
across the mouth as in playing the modern mouth- 


organ. This instrument, the Panpipes, or Syrinx 





Fig. 8 
of instrument able to produce a musical scale. Early 


, 1s of great importance as the earliest type 


organs, were, in fact, little more than a portable 
form of Panpipes blown by bellows. 

Forming the lips to direct the air across the open 
end of the tube entails a certain amount of practice 
or fatigue, however, and attempts were made to 
help the player in this respect. Certain flutes have 
come down to us in which the open end had a nick 
cut out of it on one side to facilitate the forming 
of the the the 
player. ‘he latter’s task was considerably lightened 


correct embouchure on part of 
when the whistle form of mouthpiece was intro- 
duced. 

We can see the development of such a mouth- 
piece in the flute made by the native races of North 
America, where the whistle is external to the pipe 
itself. A notch is cut out of the pipe near one end 
and a little wooden box is placed over it in such a 
way that air emerging from an aperture between 
the box and the pipe is driven across the notch 
toward its opposite edge. Another hole is made in 
the pipe to let the air into the box, while a plug 
prevents the player’s breath, which now comes 
from between his lips gripping the end of the pipe, 
from passing directly up the pipe itself. 

Following closely on the heels of the Panpipes 
was the invention of the reed pipe. Take a little 
piece of straw and partially slit it in a longitudinal 
direction; place it in the mouth and grip the fixed 
end with the lips and you have a new sound-pro- 
ducing instrument—the vibrating reed or pair of 
reeds, if both sections of straw are free to vibrate. 
The sound so produced is of feeble intensity, but 
man found that he could fit this into a “resonator” 
a wider straw or pipe—and produce loud notes 
the 
coupled to the vibrating column of air in the pipe. 


from system formed by the vibrating reed 

Another ancient form of wood-wind instrument 
that has survived in Celtic races to modern times 
is the bagpipe. The principal component of the 
highland bagpipe is a chanter, from which nine 
notes can be produced. The flow of air to the chan- 
ter is maintained and regulated by a blowpipe fitted 
with a valve and by a bag that acts as an air reser- 
voir. From the bag project three drones, two tenor 
and one bass, which supply an unvarying harmony. 

Near the an 


double vibrator made of Spanish cane bound to a 


inlet to the chanter is a reed, a 
copper staple. The characteristics of the note it 
produces vary greatly with the temperature and 
humidity of the air supply. The reed used in the 
drones is a piece of cane in which a single beating 
tongue has been cut: this is one of the oldest meth- 
ods of maintaining a musical note. 

The chanter is made by boring two conical holes 


1) 





Fig. 8. Above 


Panpipes. 


Fig. 9. Right 

Types of orchestral 
wood winds, about 
1800. From outside 
to inside, pairs of 
yassoons, flutes. 
‘larinets and oboes. 


alone the axis of a wooden rod, about 3: 
length. The apex of the longer cone points upw 
near the air inlet), and the apex of the 
cone points downward. The cones overlap t 
the region of narrowest bore, about 7 mn 
ameter. The chanter has a series of seve 
along its length as well as the thumb hol | 
is nearest to the reed and on the opposite sid 
the pipe from the other seven holes. ‘Two 
holes near the lower end of the chanter ar 
at right angles to the others. The drones ar 
drical tubes, with some parts widened to 

tuning. 

The next stage in the history of these w 
struments was the boring of holes in the side 
pipe. Owing to the need of support for the 
ment, it was not found feasible to employ 
than six holes, three to be covered by the first t! 
fingers of each hand, with possibly a thuml 
at the back. If these holes are all covered, w 
the note of the complete column of air of th 
Uncovering the holes successively, starting w 
one farthest from the mouth, we get a se. 
notes of rising pitch. 

Much ink has been spilled on the significa: 
the positions of these holes for the formatior 
musical scale by the ancients and by preset 
primitive peoples, but at the risk of differin; 
the opinions of some eminent ethnologists, | 
venture to suggest that the positions for these 


were quite fortuitous, or, at the most, dictat 
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upwal 
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cm 


Ping a 


ns of symmetry and convenience, not 
onceived notion of musical scale. The 
is form the lateral 
vith a hot stick, the positions being de- 
\y measurements with the breadth of one 


holes by burning 


ngers. If the savage finds it more con- 
place the holes for the right hand farther 
dow! rder to avoid interlocking the movements 
of th nds, he does so, and then the holes are 


yeniel 


n two sets of three. I am aware, of course, 
incient Greeks had theories of the musical 
I doubt that these theories were ever 
ely put into practice. The difficulty of mak- 
nd instrument in true intonation to any 
scale today, even with the modern perfec- 


that tl 
S( ale 


adequ 


musical 


‘tion of apparatus, is great enough and it must have 


mpossible—except by sheer luck—to 


such a standard with the means available 


been ap- 
proac: 
at that time. 

In the great period of the development of the 
orchestra, the period from Bach to Beethoven, these 
primitive instruments began to acquire the form 
in Which they are familiar in the orchestra of today, 

ith keys operated by the fingers to enable incon- 
veniently sited holes to be opened and covered. 
9 shows a group of wind instruments typi- 
about 1800 
there are pairs of 


Figure 
cal of the classical period in which 
e from outside to inside 
hassoons, flutes, clarinets, and oboes. 
No subject connected with the science of musi- 
instruments has provoked greater controversy 
the functioning of the flute and diapason 
an pipe. The mode of coupling the edge tone 
formed at the mouth to the column of air has been 
alike 


{ 


f{ interest in 
during the past 50 years. Recently there has been 


aerodynamics and acoustics 
i revival of interest in edge tones as being a pos- 
ible cause of the horrific noise put out by jet en- 
vines, but the mechanism is still the subject of rival 
theories. 

When air debouches from a linear slit and falls 
ipon the sharp edge of a metal or wooden wedge 
lacing it, a vortex system is set up. In a way that is 
still rather imperfectly understood, a steady forma- 
tion of vortices takes place at the slit so that the 


wavelength of the system—the distance between 


‘sive vortices on the same side—is equal to, 
a small submultiple of, the separation of slit 

l edge. 
king the simplest case, a vortex leaves the 
wall of the orifice as the preceding one on 
me side arrives at the edge (Fig. 10a). Vhere 
minimum slit-edge distance /, for any given 
ity of efflux V at which a tone can be pro- 
1. The frequency of the edge tone is given 
e frequency with which the eddies strike the 
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wedge. If they move toward it with velocity U’, 
and / is the distance between the vortices in the 
same row, then f = V//, or since LU’ = aV where a is 
constant, |’ /ff is constant. 

When V is kept constant 
pressure is maintained behind the slit 


the pitch of this 


that is, when constant 
and / is in- 
creased beyond the minimum Ip, 
edge tone falls in accordance with this relationship 
until at a value approximately double /,, the sys- 
tem becomes unstable and the tone, which is now 
the suboctave of the original, may suddenly rise an 
octave to what it was at /). 


Experiments in which smoke is mixed with the 
emerging air show that the original spacing of the 
vortices is restored after the transition, but with 
twice as many vortices between slit and edge. Fig- 
gure 106 shows the relative positions of the vortices 
just before the transition. After the jump 
10c), / resumes its original value. so that the width 


Fig. 


is halved and the original narrow vortex street is 
recovered. ‘The edge must bisect the two rows of 
vortices if the tone is to be elicited; consequently, 
Fie 10c. 


space between the wide and the narrow street at 


in the shaded area of representing the 
the transition, only the graver tone can be elicited. 
In fact, after the jump has taken place, the pre- 
transition tone can be brought back either (i) by 
moving the edge into the shaded region, or (ii) by 
pushing an obstacle from the side partly into the 
path of the blast and so deflecting the shaded por- 
tion of the stream onto the edge, as is done by 
means of a wooden “roller” in certain organ pipes 

A number of explanations have been offered for 
the one 


the regularity of this vortex svstem. but 


that seems most plausible—at any rate, for the low 
wind speeds used in wind instruments—is the one 
I originally presented after I had noticed a system 
of “secondary vortices” alongside the wedge start- 
the 


down its boundary layer. The reaction of these sec- 


‘ 


ing at vertex of the wedge and proceeding 
ondary vortices on the phase of the air pendulation 
as it leaves the jet accounts for the spac ing of edge- 
tone vortices. 

Figure 11 shows a section of the mouth of an 
organ pipe of the type known as diapason, made of 
wood. Wind under pressure is led into the foot and 
is deflected by the languet out of a slit at the lower 


lip of the pipe, in a broad jet that is directed upon 


© 


Fig. 10. Stages in vortex system accompanying edge tones 
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the upper lip, formed by beveling down this side 
of the pipe. (This particular pipe has a double 
languect to “induce” air from the column into the 
jet.) Here then we have at the mouth of the pipe 
a system that is capable of producing this important 
avenue of eddies, which originate an edge tone at 
a pitch equal to the number of eddies that strike 
the edge of the upper lip in 1 sec. The distance 
between the slit and the edge that faces it plays a 
conspicuous part in fixing the pitch of the edge 
tone and is called the height of the mouth. A simi- 
lar system is formed in the orchestral flute, with 
the “mouth hole,” across which the player blows, 
as the seat of the edge tone. 

[he time is now ripe to consider these edge tones 
that is, to the 
vibrations of the column of air. The tones that the 


in relation to the rest of the pipe 


column of air can give are quite definite. If the 
pipe is open at both ends, as in the orchestral flute, 
the column can give any or all of the members of 
the harmonic series. Let us now consider the effect 
of admitting wind into the pipe at gradually in- 
creasing pressure. As we have seen, an edge tone of 
gradually rising pitch would be produced in the 
absence of the pipe. But the column of air is trying 
to impose one or other cf its natural frequencies 
upon the cdge tone, and when the latter is near to 
the fundamental tone of the pipe, the two vibrate 
in sympathy. The column of air, being the stronger 
member of the partnership, is able to pull the edge 
tone out of its proper pitch to a certain extent: but 





11. Mouthpiece of or- 
with 


Fig. 
gan pipe of flute type 
double languet. 














when the edge tone has slightly overpa 
pitch of the pipe, the latter will be pullec 
from its natural bent. At a greater extent 
tuning, the system will relapse into silen« 
sume at a higher pitch when the edge 
proaches the next higher tone that the pip 
emit, namely, the octave. This is the mech; 
“overblowing” the pipe. Further increase 
pressure will eventually cause this note to c« 


the next overtone of the pipe to make its 
ance. 

It is evident then, that, depending on the widi 
of the mouth, there will be a certain blast veloc): 
and, therefore, wind pressure at which the fly 
pipe will function most efficiently. This will be thy 
velocity at which the edge tone is exactly in tun 
with the pipe tone. Further, in a complete “sto 
of organ pipes worked off the same pressure and s 
having nearly equal jet velocities, this theory shoy 
that the width of the mouth should be mad 
versely as the pitch of the pipe, in accordance wit! 
the formula given in a preceding paragraph. That 
this is done is evident from an examination of an 
organ, since the width of the mouth is made a co: 
stant ratio to the effective length of the pipe. hh 
pipe of this type, it is usual to cut nicks in the low 
lip and the languet in order to encourage the | 
duction of the eddies so necessary to the co) 
functioning of the pipe. 

Of course, the timbre of a flute throughout 
range is not constant-——as we say, it has a “formant 

and even a stop of organ pipes all built to tl 
same pattern shows variations in quality. Figure 
shows some loudness-frequency curves, as a thre 
dimensional pattern covering the diapason ranks 
of five German organs, by which the variation cai 
be seen going up the scale (front to back of tl 
model 

The oboe. as well aS a number of acousticall 
similar instruments, has a conical tube and at th 
mouth a double reed that the player grips with his 
therefore, like that of th 
it has six side holes 


lips. Its “tonality” 1s, 
flute; 
overblows to the octave. 


with keyed extras) and 


The clarinet has been more exploited by scien- 
tists than all other orchestral wind instruments, 101 
it presents several features of interest. Figur: 
shows how the reed is gripped by the “ligature” 
metal band) to the “table,” the beveled end of th 
cbonite or wooden tube. The player grips 


this 
i 


mouthpiece between his lips folded back over his 
teeth. The tube is cylindrical, about 2 ft long and 
'f in. in diameter. Like the flute, the modern clar'- 
net is sometimes made of metal. 

As the reed begins to close the aperture, a con- 
densation starts down the tube but is reflected as a 
MONTHL} 
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Spectrograms of organ tone for pipes covering the whole gamut of frequencies: intensity is plotted vertically 


ney horizontally: 


rarefaction from an open side hole or from the 
ant end of the tube and. on return, finds the 


iperture closed by the reed. It is reflected, there- 


ore, as a rarefaction for a second trip down the 
tube. Again reflected at the open end, this time as 
a condensation, it returns to push open the reed 
aperture. Thus, in one complete cycle of the reed’s 
vibrations, the sound travels 4 times the length of 
the tube, as in the stopped diapason organ pipe. 
Accordingly, even harmonics should be missing in 
the timbre. The quality naturally changes with 
blowing pressure and with the effective length of 
the reed. The player can adjust this by the grip of 
his mouth, according to the pitch of the note he 
wishes to elicit, and to a certain extent pull the 
column out of its natural frequency. Natural vibra- 
tions of the reed, though feeble, can be detected in 
an analysis of clarinet timbre. 

Since the column on the foregoing analysis be- 
haves like a stopped pipe, it overblows to the third 
harmonic. ‘To complete the musical scale, some ad- 
ditional side holes (compared with the flute and 
oboe) are necessary, and this entails somewhat 
more complicated fingering. This “bridge portion” 
between the lower and upper (overblown) register 
s the weakest feature of the instrument, both in 
ntensity and in quality. 


Brass Wind Instruments 


With the exception of some obsolete keyed bugles 
and the ophicleide, brass wind instruments differ 
from the wood winds in that they have no side 
holes. The possible notes were formerly limited to 
the harmonic series based on the fundamental of 
the tube (the fundamental itself not being obtain- 


able with any worth-while intensity on any but the 
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pitch of pipes rising from front to back. 


{Grutzmacher 


smallest instruments). On modern instruments 
there are available, by the operation of valves, 
three or four extra lengths of tube to enable the 
player to cover the diatonic scale. 

Exceptionally, the trombone with its telescopic 
slide allows continuous variation of tube length in 
place of step-by-step, but even so the playet even- 
tually confines himself to a number of set positions 
f the slide. 

These instruments are also distinguished by the 
fact that the player’s lips, held in a cup-form 
mouthpiece, take the place of reeds. For this 
reason, some acousticians refer to them as cup- 
mouthpiece instruments. Among themselves, they 


{ 


are distinguished by (1) the shape and size of 


mouthpiece, and (ii) the vertical angle of the 
quasiconical tube. 

The reader will appreciate that the player's ob- 
ject is to exploit the natural resonances of the tube, 
and that this becomes more difficult as the flare of 
the tube increases. A wide-angled horn has, in fact. 
no resonances. This probably explains the difficulty 
of learning to play the French horn, especially in 
where the harmonics almost 


the upper registe1 


overlap, making it difficult to avoid “warbling” 
from one to the next. 

On the other hand, the trumpet and, still more, 
the cornet, from the small vertical angle of the bore 
lend themselves to ease in exciting the natural tones 
of the column. In all cases the resonances will be 


relatively less sharp at the higher frequencies, be- 


Fig. 13. Clarinet mouth- 


pier { 





cause open ends will radiate more readily at high be directed. A brass instrument having t 
pitch, of mouthpiece can, in fact, be made to sou 
It remains to discuss the acoustics of the type of — circular or oval end of a narrow brass 


pipe maintenance, peculiar to the brass. To a cer- placed at the position occupied by the op 


tain extent the scheme is an imitation of the oboe — tween the player’s lips when the lips are aj 
mouthpiece, in that the player’s lips do the duty of | the mouthpiece, and if a blast of air at 
a double reed. The lips are pressed by the ring- pressure is driven through the tube. Such 
shaped rim of the mouthpiece, and by means of the — periment shows that the vibration of the | 
osculatory muscle the player can alter the tension — is not essential, although it is true that thi 
and vibrating length of these soft reeds. In the obtained is weak when the edge tone alon 
mouthpiece provided on modern horns this is the as exciting medium. 
end of the story. The mouthpiece tapers gradually The resonant characteristics of the edge t 
into the apex of the horn in a smooth funnel shape. instruments supplied with cup mouthpieces 
On mouthpieces of the cupped class, however, the — portant factors in determining the power an 
“reeds” are assisted by an edge-tone system, in that liar blare of the notes given out. When a 
the issuing breath can be directed against a facing piece of the conical funnel shape is supplied 
edge a short distance away. tone is soft, mellow, and less incisive, for 
The difference between the two mouthpieces is a true edge tone, the missing resonance ol 
shown in Fig. 14, where the section of a French deprives the system of its power. On_ the 
horn mouthpiece is shown (left) and one from a hand, this funnel shape leaves to the player 1 
tuba (right), drawn to the same scale. The tuba _ facility in modifying the pitch, for he does not | 
is the largest of this class, the trumpet itself hav- to adjust three systems to a pitch that is n 
ing a smaller mouth of the same shape. The mark — less determined by the instrument. In the 
of this category is a hemispherical cavity or cup, to cupped mouthpieces, the edge tone approac! 
the back of which the tube itself is quite abruptly more closely that on the flute, for the shank 
inserted, forming a circular edge against which the — tube is too wide to permit full use of its cir 
ring-shaped eddies or vortex rings in the blast can ference. In such large mouthpieces, the player 
rects his breath to one side, using an arc ol! 
circular edge, instead of its full circumferen 
I hope it is apparent from this article that the: 
still remains a great deal to study in this fas 
ing subject, particularly in the study of transien 
sounds, which could not be discussed more 
here. It is to be hoped that scientifically minded m 
sicians, suitably equipped with apparatus, w! 
compared with that required in other branches « 
applied physics, is neither elaborate nor expensi 
may be persuaded to fill the gaps in our knowledg 
I wish to thank a number of editors and scientis 


in particular, F. A. Saunders—who have allow: 
Fig. 14. Mouth- 
pieces of French oge ° ° 
horn and _ tuba. p ling this arti le. 


me to use material from their publications in 


Behind all your practical applications, there is a region of intellectual action to 
which practical men have rarely contributed, but from which they draw all their sup- 
plies. Cut them off from this region, and they become eventually helpless —JOuUN 
TYNDALL in Lectures on Light. 
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years. Miss Hoyme is a physical anthropologist with training primarily in biolog 


She was educated at George Washington University. Her primary interest 


ical anthropology and its technique 


biometry. 
ogy, and indeed that they are essential to maintain- 
ing biology’s claim to being a science, is similar to 
saving that everyone claiming a connection with 
law enforcement must carry and use a gun as proof 
Biologists deal with a wide variety of problems 
from the function of the stomata on a leaf to the 
evolution of great phyla. 

Before insisting that biologists start setting up 
experiments and or measuring things, it would bi 
well to look at the requirements of the problems 
that biologists are called upon to solve. Are these 


procedures necessaty oreven appropriate lor the 
solution ol the problems? ly deed, are these proce - 


dures feasible? 


Hhiis kin 

ne if th 

he 
ning be. 
p ed t - 
= FFuture Of DIology 
" iia a = 
lip reeds 
lf Ove 
ust 
Dr. Blackwelder 1s secretary of the 

tones ; his training at Stanford Uni 
; are in insects in the 
nd per 

mou the historical development of phy 
lied, th 

it lack 
ft whi en you can measure what you are speaking 
1e oth and express it in numbers, you know some- 

oreater about it; but when you cannot measure it, 

rot hav. you cannot express it in numbers, your knowl- 
sbi is of a meagre and unsatisfactory kind; it may 

on the beginning of knowledge, but you have 
a ie ely, in your thoughts, advanced to the stage of 
proach: ce Lord Kelvin. 
k of tl 

circum: VATISTICAL methods have proved fruitful 
aver di- in practically every field from advertising to 

of th zoology. Yet despite the fact that biometri- 
nee have contributed significantly to the develop- 
at ther ent of statistical theory, biology as a whole is fat 

ascinat- | being a quantitative discipline. This apparent 


ransient 


re: 7 
led 
wl! 


ich 


pensiv 


wledet 


c1en 


allo 


NTI 


cor on and qualitative comparison can lay 


ect of a useful tool has led to considerable criti- 
ull m of the science. For example, in the July 1953 

of Endeavour, Kenneth Mather quotes Lord 
lvin’s comment, and adds, 


Mu- 
ic] 


+ While it would be foolish to deny the name of 


e to any branch of study merely because it 


kes but little use of measurement, no science can 
ficts 


ch its flowering until it becomes quantitative in 


we th its observation and its theory. Simple descrip- 


a ground 


rk . . . but sooner or later the change from 


litative to quantitative becomes essential if 


vress is not to falter or even to halt. 


Others, such as J. B. Conant, go even further in 
suggesting that only an experimental field can 
properly be called a science. 
lhe premise that the techniques used determine 
nature and future of a science seems somewhat 
logical. The more realistic approach to science 
, 


is techniques for their usefulness in solving the 


part 


cular problems under investigation. Experi- 


ment and measurement have proved useful in many 
branches of science and may well be used more 
widely in biology than they are at present. But to 
imply that they are essential to the progress of biol- 
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Each problem must be considered 
individually, but it is possil le to give some general 
answers in the light of the nature of biology as a 
S¢ lence, 

Biology is in many ways a hvbrid science, having 
much in common with both the exact and the so- 
cial sciences. This duality holds both in problems 


The 


and SOC ioloey 


and methods of approach. social sciences 


history, psychology, are concerned 
with the recording of particulars in the light of 
factors influencing their development. ‘The exact 
sciences——physics ana chemistry-—seek to progress 
from the particular to the general, and to derive 
universal laws. The techniques of the social sciences 
are primarily descriptive, for the particular situa- 
tion to be explained has been supplied by a unique 
the 


conclusion drawn from the study is descriptive 


combination of chance or circumstance: and 


The exact sciences, on the other hand, have in 
most Cases passed from the descriptive to the ex- 
perimental stage. Working with known raw mate- 
rials under controlled conditions, the exact sciences 
are in a position to set up carefully planned analyti¢ 
experiments and to draw conclusions that can be 
translated into generalizations. Both types of prob- 


lem—the description of the particular and the 





derivation of the general—are valid, and both 
types are found in biological studies. Both types, it 
may be added, are found also in the exact sciences, 
particularly in chemistry, where the description and 
qualitative analysis of substances, although ex- 
pressed in quantitative terms, is an important area 
of investigation. 

‘The diversity in the type of problems that biolo- 
gists may investigate is a result of the inconceivable 
complexity of life. The duality of biology is evident 
in the history of the science. Like all sciences—ain- 
deed, all branches of knowledge—biology began 
with an attempt to understand things by describing 
them and by finding a classification for knowledge 
that would bring order out of chaos. As Darlington 

1) describes the situation prior to the 19th cen- 
tury, 

the unity of theory) achieved by Newton for 
physics and by Lavoisier for chemistry, was long 
wanting in biology. Among living things, disunity 
triumphed everywhere. The only universal generali- 
zation in biology in its first two hundred years was 
that all living things were different. .. . 


the end of the 19th 


number of phenomena common to all branches 


Then, toward century, a 
of the plant and animal world were discovered 

among them Darwin’s theory of evolution by 
variation and selection, Mendel’s laws of inherit- 
ance, cell division, and the fertilization of the egg. 
However, instead of unifying biology, these new 
discoveries actually divided it further by creating 
new subsciences that differed from the older areas 
of biology in techniques and viewpoint. The tradi- 
tional disciplines anatomy, and em- 
are primarily descriptive and compara- 
the 
plants or animals produced by a unique set of his- 
torical, developmental, and other circumstances. 
On the other hand, the newer biological fields 

resemble 


taxonomy, 
brvology 
tive, and they are concerned with particulars 


genetics, biochemistry, and physiology 
the exact sciences in their attempt to pass from the 
particular to the general and in their use of experi- 
ments. 

In the newer biological fields there is no doubt 
that quantitative methods were essential for the 
success of experiments and that experimental pro- 
cedures, assisted by statistical analysis, led to signif- 
icant progress. In genetics the interaction of experi- 
mental and statistical procedures has been partic- 
ularly productive. Mendel’s experiments, together 
with the utilization of the rudimentary statistical 
procedures of sorting the classes he obtained, count- 
ing the number in each class, and calculating ratios, 
led him to formulate the fundamental laws of 
heredity. Subsequently, the derivation of mathema- 


96 


tical procedures for calculating expected ; 
experiments and for comparing them wit! 
sults actually obtained were essential fo: 
hypotheses concerning the inheritance < traits 


And recently procedures have been designed f,, 


testiy 


estimating gene frequencies and for compa 
frequency of a given allele in one populati 
its frequency in another. 

Genetics presents an exceptional experim 
situation because the data frequently invol 
counts of the presence or absence of discret 
Experiments in other branches of biology 
less simple, for the traits under observation 
usually continuous variables, such as size, and {| 
organisms under observation are highly c 


ipl 


TY 
and variable. Since it would be both impossible a: 


undesirable to standardize them for experiment 
purposes (the procedure of the exact sciences 
Mather that the 
scribed by measurements and be stated in terms of 


recommends variation 
average and standard deviation. A comparison 
the frequency distribution of the control and ey- 
perimental groups by statistical methods can the: 
be used in evaluating the results of the experiment 
The conclusions, admittedly, will be in terms 
probability, that is, the probability that a distrib 
tion comparable to that of the control could ! 
found in the sample by chance. Nevertheless, in thi 
indirect way, the results of the experiment can | 
assessed. Some such method may well be useful 
designing and evaluating experiments involvi 
complex biological variables. 

Tracing the evolution of phyla and genera ai 
the reconstruction of former plant and _ anin 
worlds are biological problems of prime importan: 
Even such prosaic tasks as the identification, d 
scription, and orderly classification of organism 
cannot long be ignored without grave consequences 
to other biological investigations. The fact. that 
such problems are only indirectly susceptibl 
man-made experiment does not rule them o 
legitimate scientific investigations. If one insists 0! 
experiment, one must recognize that nature 1s co! 
tinually conducting experiments of its own to whic! 
man may turn for information on the changes 
organisms through the influence of environment 
the operation of natural selection, and, indeed 
chance, particularly where time is involved. Whe! 
man designs an experiment, conditions are cart 
fully controlled and the number of variables is kept 
to a minimum. Nature’s experiments, on the othe! 
hand, present an almost unlimited amount of 
on a variety of subjects from which the observ 
must select the data pertinent to his problem. Asid 
from the agency providing the experiment, th 
little real difference between a geneticist putting 


THE SCIENTIFIC MONTHLY 





results j 
h the re 
or testing 
Ol traits 
ened fi 
aring thy 
Hon wit] 
sTriment 

lve OY 

Le (Ya 

y are fay 
tion ar 
and th 
complex 


sible and 
Timenta 


CIENCES 


terms of 
ison ot 
and ex. 
‘an. ther 
eriment 
ferms | 
distribu- 
ould by 
s, in this 
can b 
iseful 


volvin 


era and 
animal 
ortance 
on, di 
oanisms 
quences 
ct that 
ible if 
out as 
sists 0! 
is con- 
» whicl 
nges i 
niment 
indeed 
When 


CD Gas 


hsi rvel 
_ Aside 
here 1s 


yutting 


(THLY 


' into bottles to study genetic drift with 
nd Darwin observing speciation in birds 
| Pacific islands. In both cases a factor 
n change has been introduced. In one 
xtraneous factors are removed before the 


Iru 


WOldt 


nt: in the other case they are removed as 
are gathered. In either situation controls 
able—in the former, by planning, and in 
r. by selecting a second test situation that 
the first as closely as possible except for 
nce of the crucial factor. The subsequent 
eps are the same: a question is asked, pertinent 
lata are collected, and a hypothesis is formulated. 
lhe procedure for testing the inferences drawn 
from the hypothesis depends on the material at 
hand. In taxonomic studies, for example, if one 1s 





working with living forms, it is sometimes possible 
to determine by a few appropriate experiments 
vhether two closely related populations are true 
species or merely ecotypes of the same species; with 
fossils or Museum specimens, experiments are not 
feasible. When the conclusions have been based on 
arge numbers of observations, checking may be less 
necessary; but when only a few data are available, 
further checking may be impossible. 

Both experimental and descriptive biology are of 
necessity qualitative. Indeed, the majority of bio- 
logical problems involve the form and size of 
organisms, whether one is describing a species, look- 
ing for alterations in form as a result of an experi- 
mental situation, or observing embryologic devel- 
pment. In recording one’s observations, regardless 
of how they are obtained, measurement and appro- 
priate statistical procedures can be useful as aids to 
dese ription. 

That it is desirable to express sizes and other 
characteristics in that is, 
terms, rather than by ill-defined adjectives, is ob- 
vious, and such data are customarily included in 


concrete, numerical, 


taxonomic papers. The characteristics that can be 
described numerically fall into three major cate- 


gories: (1) measurements of continuous variables, 
ii) counts of discrete phenomena, and (111) the 
frequencies with which events occur. After numeri- 
cal values have been assigned to the variates 
length, breadth, weight, number of eggs, pulse rate, 
and so forth—these numbers may be manipulated 
by various formulas to arrive at new numbers de- 
cribing the variability of the trait in the group 
under consideration. The formulas have been de- 
rived by experts and can be used by anyone with a 
hasic knowledge of algebra. Apparently, then, the 
whole matter is very simple——just measure and 
calculate. 

Measurement, however, is no simple matter 


Lord Kelvin’s statement that “when vou can meas- 


April 1955 


you know 


ure what you are speaking about 
something about it” puts the cart before the horse. 


Unless one knows what one is measuring and why, 
one can waste considerable time. It is all very well 
to measure the “length” of a structure, but consid- 
erable knowledge of the organism is needed before 
meaningful landmarks defining “length” can be 
selected. Defining the measurement is only the first 
step. There is also the problem of which organism 
or organisms to measure. Thorough familiarity with 
the group is necessary before a “typical specimen” 
or sample can be selected. Take human stature for 
example. Whom shall we measure? ‘Taxonomically, 
human beings belong to the species Homo sapiens 
regardless of age, sex, or physiological normality. 
Nevertheless, since an average figure based on the 
lengths of all human beings from conception to old 
age would have little value for any purpose, it is 
customary to limit the sample to mature males. But 
what is a mature male? Biologically, human beings 
are mature at puberty; legally, at arbitrarily set 
ages from 14 to 21; but growth does not stop until 
25 years of age, and height decreases as maturity 
merges into senility. And which of the mature males 
are normal? Clearly, selection of the sample to be 
measured is not a task for amateurs. 

There is also the very real problem that not all 
phenomena are susceptible of measurement. De- 
spite nearly 100 years of study by anthropologists, 
there is still no satisfactory way to record human 
eye color or skin pigmentation. And how does one 
measure an irregular structure, such as the articular 
surface of a bone? How does one record the shape 
of an insect’s wing? How can one express numeri- 
cally the relationship of one structure to another, 
for example, the location of the insertion of a 


: measure the 


muscle on a bone? How does one 
length and thickness of a chromosome? Or describe 
the spiral shell of a mollusk? 

Unfortunately, biological structures are rarely 
simple. Thus it has happened all too often that an 
apparently simple measurement actually repre- 
sented the interaction of two, three or a dozen un- 
related factors. One example should suffice. From 
the time of Peter Camper in 1780 until about 1900. 
anthropologists spent much time devising wavs of 
measuring the facial angle, the angle formed by the 
intersection of a line from a point between the brow 
ridges to the lower border of the nose and a line 
from the lower border of the nose to the ear open- 
ings (definitions differ; each anthropologist had his 
own). The length and depth of the palate, the 
length of the face and its component segments, the 
projection of the brain over the eyes, the size of the 
supraorbital sinuses, and possibly other factors af- 


fected the relative positions of the landmarks, and 


thus the resultant angle. Anatomically dissimilan 
skulls could be, and were, described by the same 
number 
it summarized too much. Even with carefully se- 
lected landmarks, one can never be completely sure 


a number that meant very little because 


of what one is actually measuring. 

Once the sample has been selected and the char- 
acteristic has been described numerically, it is pos- 
sible to turn to statistics. Statistical constants offer 
a convenient way of summarizing the variability in 
a group. The mean, or average, sums up the central 
tendency around which the characteristic varies; 
ihe mode reflects the value most commonly found; 
the range describes the extremes of variability in 
the trait: and the standard deviation provides a 
means of evaluating the homogeneity of the sam- 
ple. Once two or more samples have been described 
in terms of numbers, it is then possible, with the 


appropriate equations, to compare the samples and 


to assess the probability of their belonging to the 
same population. This is the procedure Mather 
recommends for evaluating experimental results. 

The chief use of statistics in biology, beyond the 
refinement of description through measurement, 
can be only to confirm or refute conclusions already 
reached through the observer’s knowledge of the 
groups examined. Considering the number of pre- 
liminary, subjective steps, it should be apparent 
that measurements and statistics can be no more 
objective than the biologist who uses them. But 
once the standard deviation has been obtained, 
there is still the matter of interpretation. The 
standard deviation may well give a clue to the ac- 
curacy of the biologist’s judgment in defining the 
sample measured. A large standard deviation, in- 
dicative of considerable variability, may mean 
either that the trait is more variable than expected 
or that extraneous elements have been inadvert- 
ently included in the sample; a small standard 
deviation, on the other hand, may be the result of 
slight variability in the trait or of too rigorous selec- 
tion of the sample. A reexamination of both the 
raw data and the specimens may be necessary be- 
fore proceeding further. 

The statistical comparison of two samples is 
usually based on the mean and standard deviation 
for a series of traits. Here again it is often a matter 
of confirming or refuting a prior conclusion. In 
most cases, an experienced taxonomist (for this 
sort of comparison is most commonly found in 
connection with taxonomic problems) will have 
little doubt about the difference or identity of the 
samples, for the samples will agree or differ in more 
than the traits being considered. Yet it is often de- 
sired to confirm the diagnosis statistically. When the 
differences are less obvious to the eye, statistical 
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conclusions are also likely to be ambigy 
only question to be asked of a statistical c 
is, “Could these two samples have been 
chance from the same population?” And 
answer obtainable is one in terms of pi 
namely, that the same distribution could 
cured by chance in one case in 10, 100, 
1,000,000. If a given distribution could 
chance in only one case in 1,000,000, the st 
is perhaps safe in saying that the samples 
ferent; but the interpretation of probabilit 
level of one case in 100, unless based on ex) 
must be more or less arbitrary. In most cas: 
a statistically significant difference is fou 
morphologic difference is, or should hay 
equally obvious without the computations. | 
where the morphologic difference is less ¢ 
one wonders how much is gained by findi: 
the statistical difference is not significant. 
Comparison of samples on the basis of 
trait, 
seldom lead to valid conclusions regarding t! 


either by statistical or visual means 
tionship of the groups. Therefore, there havi 
various methods proposed for the comparison 
groups, ranging from a simple listing of thi 
and standard deviations for each trait 
group to the calculation of a single number di 
from all the numerical information availabl 
pressive of the degree of relationship of tl 
groups. The Coefficient of Racial Likeness. devis 
by Pearson about 1920, is an example of th 
type of statistical comparison. As_ described 


Morant 


populations, the more probable that they wer 


2), the lower the coefficient betwee: 


dom samples of the same population; the higher t 
coefficient, the less likely that they were rando 
samples of the same population. Accordingly, «1 
niums were measured, and the averages and stal 
ard deviation for each measurement were fe 

computing machines according to an_ elabor 
formula, and figures expressing racial similarity 
dissimilarity were duly obtained. Summarizii 

Racial for 
series, Seltzer (3) noted that the highest coef! 
the greatest racial differences 


Coefficients of Likeness some 
cients, that is, 
found among three series of English cranium: 
the least 


difference, were found between a group of Til 


that the lowest coefficients, that is. 


and a group of Congo Negroes. Indeed, by 
procedure, some English craniums were fou 
be more like Chinese or ancient Egyptian crat 
than like other English craniums! Seltzer could 
conclude that the procedure, which was basi 
defective biological theory and gave absurd res 
was of questionable value. Other coefficients 
since been offered to human biologists, but 
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few takers. The simple list of means 
rd deviations, although it appears less 
both far safer and far more informa- 


that measurements have been taken and 

ations have confirmed the judgment of 

it there is only a remote chance that the 

s came from the same population. What 

ving ruled out chance, one must. still 

iong a host of other factors. Does the ob- 

ference result from sex, age, diet, environ- 

edity, or race? Here the statistical calcula- 

relation coefficients may provide a clue: 

factors among which correlation is to be 

d must be selected with care in the light of 

wledge of the organism. Or, suppose that 

mea ments were taken and that no difference 

was found. This still leaves the question of the 

biological validity of the measurement. Was the 

measurement pertinent to the problem? (Is in- 

reased height necessarily associated with improved 

liet?) Did a superficial similarity obscure a real 

lifference? (One can obtain the same total leneth 

by adding a few long segments or many short seg- 
ments 

Finally, it must be emphasized that statistical 

omparisons of measurements are just that and 

nothing more. They are comparisons of organisms 

nly to the extent that the measurements selected 

actually do describe the organisms. Specimens, or 

series of specimens, vastly different in structure and 


\ppearance, may nevertheless coincide remarkably 
ncertain dimensions and indices. All this brings us 
to two major premises: knowledge of the organism 


must precede measurement; and measurements, 
vhen taken, must be handled with care. 
The prediction that descriptive biology must 


If one advances confidently in the direction of his dreams, 


life which he has imagined, he will meet 
THOREAU. 


u ith a SUCCESS 


eventually give way to measurement and experi- 
ment is unwarranted. The recent rapid growth of 
the experimental branches of biology and _ their 
important contributions to knowledge in no way 
detract from the importance of the less-glamorous 
descriptive fields; instead they emphasize the neces- 
sity of having adequate qualitative knowledge of 
the organisms under study. Without such infor- 
mation quantitative studies will, of necessity, pro- 
ceed in the dark. Statistics can enter the picture 
only after biologically valid measurements have 
been obtained. Anatomical structure and embryo- 
logic development are the only valid bases for 
the definition of measurements; and taxonomic 
information is the only sound basis for the selection 
of the sample. ‘Taxonomy does not end when a 
species is given a Latin name and a place in the 
family tree; the information on many species can 
and should be extended tremendously over the 
minimum needed for identification. Measurements 
may be helpful in making descriptions more precise, 
and statistical procedures may be helpful in defin- 
ing the limits of species; indeed, experimentation 
may provide data pertinent to the description. But 
regardless of the techniques by which information 
on organisms is obtained, the majority of biological 
problems are basically descriptive and comparative. 
Only when all the qualitative problems have been 
solved, and this will not be for years to come, can 
biology justifiably discard description for experi- 
ment. And by then natural selection may well have 


yrrovided new species to describe. 
| | 
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Vesalius and the Galenists 
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T is a remarkable fact that the two books which 
are conventionally agreed upon by scholars as 
marking the end of the Middle Ages and the 

birth of the new spirit of science were published 
within one week of each other. The first, De revo- 
lutionibus orbium coelestium by the Polish canon 
Nicolaus Copernicus (1473-1543), was published 
at Nuremberg on 25 May 1543 when the author 
was 70 years of age; the second, De humani cor- 
ports fabrica libri septem by the Flemish-born 
physician and anatomist, Andreas Vesalius (1514 
64), was published at Basle on 1 June 1543, when 
the author was but 28 years of age. 

The achievement of Copernicus was, I think, of 
a higher order than that of Vesalius and consider- 
ably more original, yet interestingly enough Coper- 
nicus’ book was rather more in the tradition of an 
earlier period than was Vesalius’. Copernicus’ book 
had been eagerly awaited for many years, and when 
at long last it made its appearance it was well re- 
ceived, but not nearly as well nor as widely ac- 
claimed as was the book of anatomy by the young 
professor of anatomy at Padua. 

The Fabrica of Vesalius, a magnificent achieve- 
ment in every way, was nevertheless on a somewhat 
more terrestrial intellectual plane than the work of 
the heavenly Copernicus, a fact that in no way 
diminishes either the importance or the originality 
of the work of the younger man. The Fabrica rep- 
resents the culmination of a tendency that was 
already well developed in the first half of the 16th 
century. The achievement of Vesalius was to give 
that tendency its clearest and most complete ex- 
pression. The Fabrica was at once accepted for 
what it was, representing not so much a break with 
the Galenic tradition, 
stated, as an advance upon it. 

It has been the custom to represent the Fabrica 
of Vesalius as having made a complete break with 
the old traditional anatomy (/) and to portray the 
the bad 
stuffed with straw,” while Vesalius is almost in- 
variably depicted as the heroic young genius whom 


as has so frequently been 


Galenists as violent men, “headpieces 
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the plodding, leaden Galenists, by thei 
weight, were resolved to destroy. 


In the case of Copernicus the Church is 


the role of villain. In the case of Vesalius the yi] 


lains have always been the Galenists, with a certa 

amount of Church thrown in to provide the right 
decor. There is no truth in the first legend, an 
there does not seem to be any in the second 

In this article (3) I should like to do somethin 
toward restoring a truer perspective to the view o 
Vesalius’ reception by the Galenists. A great d 

has been taken out of context which should neve; 
have been removed in the first place. What has 
thus been wrenched from its context needs to | 
restored, and only then can the whole be viewed i: 
relationship to the terms and the times to whic! 
it properly belongs. 

Andreas Vesalius was born at Brussels, the m 
tropolis of Brabant, on the last day of Decemb 
1514. His father, of the same name, was court phy 
sician to the future Emperor Charles V. His mothe: 
Isabelle Crabbe, seems, so far as the biographers 
have been able to discover, chiefly remarkable foi 
the fact that she was of English ancestry. Vesalius 
came from a family that had already produced fi 
generations of physicians, and as the great 18th 
century anatomists Boerhaave and Albinus say (4 
“Sprung from such a stock, born of such parent 
he felt not impelled to suffer himself to fall away 
from the ancient virtue of his fathers.”’ The youn 
Vesalius was sent to the military college at Louvau 
where, among other things, he acquired an excel- 
lent knowledge of Latin and Greek, and under th 
influence of his teacher Guinterius Andernacus de- 
veloped a burning enthusiasm for the natura 
ences. At school he was already depopulatin: 
fauna of his region by dissecting mice, dor 
moles, cats, and dogs. And with the aid o! 
anatomically inclined Guinterius he succeed: 
obtaining a human skeleton by robbing a gibbe' 

From school he proceeded to Montpellier 
turning on several occasions to continue his stt 
at Louvain. Meanwhile Guinterius had giver 
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ach anatomy at Paris, where another 
‘acher of classics, Jacobus Sylvius, was 
ost celebrated’ lecturer on anatomy in 


e of 18 Vesalius proceeded to Paris to 
cine under these two men, among others, 
particularly under Sylvius. Here, a de- 
il, he remained for 3 years. 

‘+r the origin of Sylvius’ and Guinterius’ 

anatomy may have been, the easiest way 
atize that interest was to begin with the 
the standard textbooks, and then, with 
proceed to the dissection of a human body 
{a monkey, a pig, or a bear, each of them 
if possible. Since the standard textbooks 
Galenic, it is scarcely surprising that these 
Galenists. They could 


men came confirmed 


done otherwise. for Galen (A.p. 130 


hardly have 
200) had a reputation of 1300 years to lean upon, 


lone as a great anatomist but as a master of 

branch of anatomy and biology. And it must 
ertainly be the judgment of every unbiased stu- 
lent of the history of science that that reputation 
was well deserved (3). There were some who found 
Galen dull; in Rabelais’ copy is written in a bold 
hand “This Galen is an uncommon dull fellow, a 
dud, a lump of lead.” The truth is, however, that 
most students of Galen found him rewarding and 
interesting enough to devote a good many of their 
student and later years to the study of his writings. 
His discussions of the systems of the human body 
ire truly remarkable achievements, and he is suffi- 
iently accurate to make it easy to gloss over his 
rrors. 

If one did not pay too much attention to detail, 
ind one could hardly do so under the conditions 
prevailing during the dissection of an unpreserved, 
ininjected, putrefying body that could not be kept 
longer than three days, Galen would do very well, 
specially if one read him in the editions of the 
learned commentators who had frequently “becom- 
mentated” him with such a wealth of matter that 
ewer words of Galen’s than of the commentators 
were to be found upon each page. There was no 
inatomy superior to Galen’s and under such cir- 
imstances the best men could hardly be other than 
Galenists—which is what Sylvius, Guinterius, and 
Vesalius were. 

It is necessary to insist upon these points in view 
i the uncritically costive attitude of many modern 
writers toward any medieval figure who was a fol- 
iower of Galen. Such writers are themselves guilty 
of the very sins for which they condemn the Galen- 
ists, namely, the uncritical repetition of what has 
most often been said before, and a lack of acquain- 
tance with the firsthand sources. 
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Andreas Vesalius, from the first edition of the Fabrica. 


With the defects and virtues of his classical schol- 
arship to support him and the experience and tra- 
dition of anatomy into which he had grown, Sylvius 
was book-learned and competent in the subject to 
a degree that earned him a reputation as the great- 
est anatomist in Europe. As one of his pupils, Loys 
Vassé, wrote in 1540 (6), 

From everywhere flocked to him Germans, 
English, Spaniards, Italians and others of all na- 
tions who all agreed that the like of this admirable 
and almost divine man was not to be found in the 


whole of Europe. 


Allowing for the ease with which such blossoms 
bloomed in the verbal springs of the Renaissance, 
such a eulogy from an old student suggests that 
there was more in Sylvius than those of a later age 
would allow who see in him little more than a pre- 
tentious, fee-hungry old dunce. In spite of Sylvius’ 
alleged personal unconcern with dissection Vesalius 
nonetheless always entertained a considerable re- 
spect for him. 

When Vesalius went to Paris in 
under Sylvius, the latter had been in that town but 


1533 to study 


a few years. These bare facts require some elabora- 
tion, and since we shall be concerned with Vesalius’ 
encounter with what might more properly be called 
“Galenitis” rather than Galenism through the per- 
son of Sylvius, let us inquire what manner of man 
Sylvius was. 
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Frontispiece of the Fasciculo di medicina (Venice, 1493), 
by Johannes de Ketham. Petrus De Montagna is reading 
a lecture ex cathedra. The classics of medicine are ranged 
above to indicate the sources of the lecturer’s knowledge: 
the Greeks, Aristotle, Hippocrates, and Galen; and the 
Arabs, Avicenna, Haly Abbas, Rhazes, Mesue, and Aver- 
roes. On the revolving desk beside the lecturer is Pliny’s 
Historia Naturalis; other books are in the cupboard. Peter 
of Abano’s Conciliator, the works of Isaac the Jew, and a 
volume of Avenzoar are on the table below. In the fore- 
ground are three sick persons, each with a carrier for a 
urine bottle. 


3orn in 1478 in the little village of Louvilly, near 
Amiens, he was the seventh of 15 children, 11 boys 
and 4 girls. His father was a poor weaver. An older 
brother, Francois, became the principal of the col- 
lege of ‘Tournay near Paris, and succeeded in enter- 
ing his brother in that institution. Here young Syl- 
vius exhibited an extraordinary talent for languages, 
and in the course of several years acquired a thor- 
ough knowledge of Latin, Greek, and Hebrew. A 
French grammar written by him remained for 
many years a classic. He wrote tolerably good verse, 
excelled in mathematics, invented machines for 
transportation by water, and in good time, through 
the careful perusal of the works of Hippocrates and 
Galen, developed an intense interest in the structure 
of the human body. From many passages in his 
many different works it appears that he took ad- 


vantage of every chance that came his 
examining bodies: a mason killed by a fal 
roof, a woman dying in childbed, and so 
was deeply interested in pharmacy and i 
have traveled to distant cities in order to | 
pharmaceutical methods. His poverty was s 
he was unable to defray the very appreci 
pense of obtaining a medical degree (7), 


. . but his erudition in medical matters \ 
well known that there gathered about him 
siderable number of pupils, and he was so si 
ful that the Faculty of Medicine at Paris fo 
him to teach, as it interfered with the r 
schools. 


con- 
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} 
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rular 


It was at this time that Sylvius went to 
pellier where, at the age of 53, he obtained hi 


bachelor’s degree on 28 June 1531. When, there. 


fore, he returned to Paris it was as a teacher wit! 


an already established reputation in that city. His 


classes are said to have numbered as many as 4 
to 500 students. It was surely not Sylvius’ reading 


of the gospel of Galen that attracted such a vas 


throng. We know that he did not read particular! 


well, that his voice was rather harsh and erating 


and that his personality, to say the least, was not 


excessively appealing. Therefore we may be su 

that he had something worth hearing to say. 
With respect to dissection this was customaril 

distinctly not a task performed by the professor, b 


by demonstrators especially employed for the pur- 
pose. It should be pointed out that this pattern fo 


teaching anatomy has survived to the present da 
The professor will give a course of lectures, or pe 


haps a few introductory lectures, while the junio: 
members of the department supervise the dissec. 


tion. If Sylvius ever learned very much about th 
human body from dissection, the surest way to fo! 
get it for all practical purposes was to teach in tl 
ex cathedra style that was the custom of his da 


Mont- 


But all this does not imply that what Vesalius as 
serted of Sylvius was true, namely, that he was 


averse to dissection, for in his little Introductio 
Anatomy Sylvius says (8 


I would have you look carefully aad recogniz 
by eye when you are attending dissections or when 
you see anyone else who may be better supplie 
with instruments than yourself. For my judgment 
is that it is much better that you should learn the 
manner of cutting by eye and touch than by read 
ing and listening. For reading alone never taught 
anyone how to sail a ship, to lead an army, 10! 
to compound a medicine, which is done rather }5 
the use of one’s own sight and the training of onc s 
own hands. 

You would do well to dissect the bodies of th 
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died of some disease in order that, by 

ig the cause of the malady, you may treat 

sely. Do not dissect only the bodies of 

also those of monkeys and other animals 

} many respects to man. Yet I will recom- 

m iat at first you should work only upon 

sum: bodies, thus you will obtain a_ profound 

know dge of the different parts of man which you 
can «ply in dissecting other animals. 

N many do not like at first to view the dis- 
sectioy, of man and cannot endure it without great 
disturbance of mind. Notwithstanding this, they 

if they can, to accustom themselves from 
ginning to look diligently at the body of man 
while it is being dissected, and then to perform the 
dissection with their own hands. For this simple 
manner of learning is the shortest, most certain, 
and easiest to retain, 


ough 


These, surely, are not the words of a man with 
mall experience of the dissection of the human 
body, nor are they, clearly, those of a man who was 
averse to dissection. The truth is that Sylvius is 
known to have given a fair number of practical 
demonstrations on the human body to many of his 
classes, to the admiration of all those present, in- 
cluding Vesalius. 

Among other subjects in which his fame as a 
teacher was justly deserved was materia medica. 
Here, as in anatomy, he placed great emphasis on 
bservation and practical work. Long before the es- 
tablishment of botanical gardens Sylvius was grow- 
ing medicinal plants, both indigenous and foreign, 
in the garden of his house just outside Paris in 
rder that his students might learn in the shortest 
nd easiest way, by inspection and observation, the 
rincipal characters of these plants. 

Study of Sylvius’ works reveals that he had at 
east as good a knowledge of anatomy as any man 
{ his time, that he made a fair number of dissec- 
tions of the human body, but it is also clear that 
what he saw, he saw for the most part, through the 
eves of Galen. Nevertheless he did make an impor- 
tant and lasting advance upon Galen’s terminology. 
Galen had distinguished the muscles of the arms 
nd legs, for example, by numbers, a notation that 
vas followed by all other authors, including, later, 
Vesalius. The nomenclature we use today is for the 
most part, where he named the muscles, Galen’s, 
ind where he did not, Sylvius’, but not Vesalius’. 
Sylvius performed the same service for the vessels, 
ind it is the result of the fact that he did not do 
‘0 for the cranial nerves that we still call them by 
number today (9). But perhaps his chief anatomi- 
cal distinction is the fact that he distinguished vol- 
untary from involuntary muscle and described their 
differences. 
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Vesalius’ judgment of his contemporaries has 
always been accepted at its face value. Sylvius was 
no giant, but neither was he a pygmy. He appears 
to have been a rather austere, avaricious, ill-tem- 
pered person, not the perfect preceptor but a 
teacher from whom one could learn about as much 
as there was to be learned from the best of the day. 
Vesalius later disclaimed learning anatomy from 
him. But as Baker has said (7, p. 313), 


Vesalius was in the habit of making derogatory re- 
marks about his preceptors that do not bear close 
scrutiny. It is incredible that he should have stayed 
with Sylvius for three years if he had had no op- 
portunity to learn anything while with him. The 
generally received opinion that Vesalius sprang 
like Minerva from the head of Jove, armed cap-a 
pie, and broke the record of all previous ages by 
dissecting the human body for the first time, does 
not bear critical examination. Without wishing to 
detract in any way from his well-merited fame, it 
seems quite certain that he must have been in- 
debted to his master for a good deal, and that the 
Foundations of the Fabrica were laid in Sylvius’ 
laboratory. 


Late in 1536 in the midst of the tumult of the 
approaching war between France and the Empire, 
bound by every tie of loyalty to the Emperor 
Charles V, Vesalius hurriedly returned to Louvain 
without taking his doctor’s degree, although he had 
fulfilled all the requirements. Less than a year later 
(6 December 1537) the Senate of Venice had ap- 
pointed Vesalius, at the age of 22, State Professor 
of Anatomy. At Padua Vesalius read the anatomi- 
cal books of Galen three times to his students before 
he convinced himself that Galen’s descriptions fre- 
Vesalius’ 


observations on the human body. In 1538 Vesalius 


quently failed to agree with his own 
was still almost wholly a follower of Galen, as his 
Tabulae Sex show. Indeed, up to this time (4, p. 
62), 
he used to extol Galen as the second leader 
of medicine after Hippocrates, as the first and 
foremost exponent, the coryphaeus, of dissection, 
a rare marvel of nature and a great admirer of 
nature, and the author of all good things. 


Meanwhile, as his dissections proceeded, Vesalius 
accumulated so many corrections to Galen that 
together they formed a fairly large volume. By 
1539 he had resolved to write his own anatomy, 
“if,” as he tells us in The Bloodletting Letter pub- 
lished in that year (10), “the opportunity of bodies 
offers, and Joannes Stephanus |Van Calcar], out- 
standing artist of our age, does not refuse his serv- 
ices 

The Bloodletting Letter, which represented Ve- 
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Title-page of the first edition of the Fabrica. 


salius’ entry into a belatedly discussed controversy, 
namely, where best to bleed, contains some very 
definite but very diffidently, even deferentially, 
made corrections to Galen’s description of the veins. 
Thus, he writes (10), 


In support of these views of mine regarding the 
vein to be lanced in pleurisy, views never pre- 
viously advanced by anyone, I should endeavour 
to bring in the oracular utterance of Hippocrates, 
in the second book on the “Regimen in Acute Dis- 
eases,’ if the authority of Galen did not mani- 
festly contradict me, and I am almost as afraid to 
argue about his authority as I would be tacitly to 
doubt the immortality of the soul in our holy re- 
ligion, 

In spite of such protestations of loyalty, Vesalius’ 

defection from the Galenic description of the char- 

acter of certain veins was obvious. 

Vesalius appears to have been perfectly aware of 
the thinness of the ice over which he was skating, 
and he was in fact at some pains to avoid situations 
in which there lay a possibility of giving offense to 
the more velum-bound Galenists. Thus when the 
ereat Giunta edition of Galen’s works was being 
planned, an edition in which the most learned 
scholars of the day were to participate, Vesalius 
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was invited by Montanus to reedit the lare: ec; 
De anatomicis administrationibus earlier t) 


iQ] 


Slated 


by Guinterius. He at first declined for fear o giv; 


offense to his former teacher, but he was fino |y pre. 


vailed upon. As Augustinus Gadaldinus, th 
of the final proofs, tells us in his preface te 
ume (//): 


It was he who contributed the books on tl} 
section of the veins, arteries and nerves, wit 
rections in many places. Persuaded finally 
entreaties and arguments of ourselves and « 
to the effect that he would be doing great 
should he let the fear of giving offence 1 
teacher Andernach—a fear which obsessed h 
deprive others of so much that was useful, hy 
improved the books on dissection to such an extent 
as almost to make them new. 


In this work on the bones Vesalius’ corrections 
Galen’s text are many; except, possibly, for sor 
verbal rumblings from Paris and other plac: 


work was favorably received. This sort of encour. 


agement served but to reenforce Vesalius’ deter. 


mination to proceed with his own anatomi 


»Y 


treatise, all the more so since the talents of an ex 


ceptionally distinguished artist, who evidently had 
no mean knowledge of the human body himse'! 


had become available to him. 
The two years from 1540 to July 1542 Vesal 


spent working at a feverish pace on his great boo! 


The Fabrica contained 663 folio pages includi 


the 278 magnificent woodcuts and numerous de 


rative woodcut initials. This remarkable tour-d 
force represented the most original work on th 
human body published since Galen’s writings wet 


first given to the world. 
The name of Galen must still be honored a 


y 


revered as one of the greatest discoverers and svs- 


tematizers in the history of biology. Galen was 


course not himself a Galenist in the worst sense 0! 


that word. He was first and foremost an obser 


and discoverer of nature. Where he erred was !! 


his tendency to extrapolate, to transfer with 


checking, his findings on one animal to the stru 


ture of a totally different one. Thus the details 
many structures observed by Galen in pigs, 
keys, and other animals are described as no! 


structures in man. Human bodies were not usual! 


available to Galen; therefore, with wounded ¢ 
tors, monkeys, bears, and pigs, he did what 
could. But, unlike most Galenists, he was no 
to obtain “base authority from others’ books, 
deep-searched nature “with saucy looks.” 
Indeed Galen would have been the first to 
come Vesalius’ book. And in truth most of G: 
followers and admirers joyfully welcomed Ves 
book from the day of its appearance. They 
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not on 


illing to accept Vesalius’ corrections of 
1 when Vesalius was wrong and Galen 
It is sufficient to mention the names, 
se, of Fallopius, Aeccius, von Veltwiyck, 
Gesner, Cornarius, Fuchs. Henerus, and 
re was no battle for the acceptance of 
natomy and the new method of observa- 
1 were accepted at once. 
ould help but be overwhelmed by this 
work? Alas, the sort of people we should 
\t first, the ungenerous and the poor in 
rsons who, like Sylvius, had been planning 
an anatomy of their own, and had now had all the 
underpinning knocked away from under them by 
this untledged usurper of their authority. For what, 
indeed, should a bold and impetuous upstart of 28 
doing writing such books challenging thus 
1c their own but Galen’s authority? There is 


perfect 
Galen 
was rig 
among 
Roelar 
Pare. 
the ne\ 
tion; b 
Whi 
oloriou 
expec is 
spirit, | 


vears be 
not alot 
, point beyond which impetuosity becomes mad- 
ness. And this is, in fact, what Sylvius said of 
Vesalius. 

Then there were those who were biliously jeal- 
ous, the haters of perfection of work and personality 
n the workman; there were also the choleric and 
dyspeptic, and the avowed and unavowed enemies 
and detractors. Under the cloak of strict adherence 
to the evangel of Galen to which the generations 
and time had given the imprimatur of unchal- 
lengeable truth, these combined forces became that 
skulking group of bigots whom it has been the 
custom to identify as “the Galenists.” But the point 
tis highly desirable to establish is that they were 
not Galenists, but bigots, and that most of them 
vere so not because they were the children of 
their time, but because, for purely personal reasons, 
they did not like Vesalius, and they were going to 
tell the reason why—even though it was not the 
true one, . | 

In the past there has been a strong tendency to 
romanticize Vesalius and to represent him as some- 
thing of a martyr who was eventually hounded to 
death by “the Galenists,” those phlogistonists of 
inatomy who resented the attack upon their doc- 


trine, and who 


Fixed in their groove, 

By apostolic knocks 
Proceeded to prove 
Their doctrine orthodox 


\v anatomizing Vesalius in barbed words. The in- 


sredients, indeed, are all there for the purposes of 
t riter of romantic history (/2) or the occa- 


medical essayist. The serious student ap- 
ng the facts views the evidence somewhat 
‘ntly, and, I think, more justly. He sees that 
‘w stupid attacks that were made upon 
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Vesalius a fair number of years after the publica- 
tion of the Fabrica by those who disliked him per- 
sonally, have been dissociated from particular 
persons and generalized for the age in which 
Vesalius lived. The notion which it has been sought 
to convey is that the living fossils of the Middle 
Ages who had lingered on into the Renaissance 
were in spirit antipathetic to Vesalius’ way of 
thinking, that is, reliance upon observation rathet 
than upon authority, that Vesalius’ Fabrica came 
upon the last or lingering phases of those Ages as 
a bolt from the blue, and that the Fabrica repre- 
sented a clean break with the existing tradition 
of anatomical knowledge and teaching, and that 
for all these “obvious” reasons, as well as Vesalius’ 
alleged bumptiousness, the opposition to Vesalius 
and _ his This 
story does not agree with the facts. 


work was great. conventionalized 

As Lynn Thorndike has indicated (1/3), the 
movement among anatomists of the first half ol 
the 16th century was, in general, definitely oriented 
in the direction of greater reliance upon observa- 
tion and upon rejection of Galen when he was in 
disagreement with the observed facts. Thus Jacapo 
Berengario da Carpi (about 1470-1530), professor 
of surgery at Pavia and Bologna, dissected more 
than 100 human bodies and was the first to intro- 
duce anatomical figures into an anatomical text. 
In his popular commentary upon the medieval 
handbook of Mundinus, published in 1521 (/4), 
and which as late as 1664 was translated into Eng- 
lish (75), he decries the habit of anatomical writers 
who follow authorities like cattle and warns the 
reader not to be deceived “by some of our moderns 
who involve anatomy with authorities and not with 
observation.” He says also that he always accepts 
Galen’s views except where observation is at dis 


cord with them (/4, fols. 240r, 398r, fol. 412v 





The abdominal muscles, from Jacapo Berengario da Carpi, 


Isagogae breves (Bologna, 1522 and 1523 


In keeping with the humanist tradition of the age, 
Carpi’s textual criticisms were minute and exten- 
sive. Fallopius not unjustly called him the first 
restorer of anatomy. A careful study of his work 
serves to show to what an appreciable extent a 
man like Carpi paved the way for Vesalius. 

A work transitional between that of Carpi and 
that of Vesalius is represented by the Liber Intro- 
ductorius Anatomiae of Nicolaus Massa (d. 1569), 
which was published at Venice in November 1536 
and dedicated to Pope Paul III (/6). Massa 
criticizes the anatomists of his day for writing so 
much that is not essential to the science of dissec- 
tion, for their sophistic arguments and distinctions 
that so befog the minds of youthful students that 
they fail to grasp anatomy itself (16, fols. 3v, 15v), 
“moderns who know things only by name,” and 


Illustrations from the Fabrica. Top: the human skull com- 
pared with that of a dog to show the absence of the pre- 
maxilla on the facial aspect of the human skull and its 
presence in the dog. Middle: the petrous portion of the 
temporal bone with different views of the auditory ossicles. 
Bottom: base of the human skull. 


who (/6, fol. 10r) “by trusting in the d 
questions current in the schools have fail 
serve.” In his little volume Massa descri 
what can be seen in a single dissection anc 
essential in medicine; he omits all discussio 
medieval questions to which Carpi gave 
space, and insists upon the importance of 
dissection instead of disputations and th 
authorities. Furthermore, he provides the 
with a fair number of new observations based ep. 
tirely upon his own dissections. 

30th Carpi’s and Massa’s books were widely read 
and approved, and there can be little doubt tha: 
Vesalius had read and been influenced by them 
At any rate, these works clearly reflect the advane- 
ing new spirit of the age and show beyond question 
that two of the most widely read forerunners 0 
Vesalius in anatomy were far from being blind fol. 
lowers of Galen, that they were quite independen; 
and critical in their judgments, and that th 
placed considerable stress upon the need for diss 
tion and the importance of direct observation. 

In his Fabrica Vesalius simply continued in ¢! 
spirit that was the best of his time, in the directior 
set by such men as Carpi and Massa. The age ha 
been prepared and was ready for such a work 
Vesalius’. When it appeared it was welcomed 
that complete presentation of the facts to whic! 
earlier introductory volumes, including on 
Vesalius, had led the way. It was not a bolt fro 
the blue but a work which it had practically bee: 
expected that someone would write, and of a ki 
which several men, including Massa, had _ hop: 
to write. As for the alleged break with the Gale: 
tradition this was in point of fact no more rad 
than was that of Carpi or Massa. 

Vesalius did on a grand scale what they h 
done on a lesser one. Being a young man of son 
means, he was able to command the services ‘ 
one of the best artists of his day and of the bes 


printers of his time to produce a folio volume that 
even if the text had not been as good as it was 
would nevertheless have established itself instant! 
in the esteem of all students of medicine. 
Although he often criticizes Galen, sometimes 
not altogether justly, he presents the subject ‘ 


anatomy in seven books in the traditional Galer 
order, commencing with the bones, then proceedin 
to the ligaments and muscles, and so on. In 
Vesalius is at pains to express his admiratio: 
Galen, whom he calls ‘‘after Hippocrates the prin 
. easily among the foremost 0 
correctins 


of medicine . 
teachers of anatomy,” 
errors he criticizes “those who today call them: 
Galenists but do not study anatomy and disse 
17). The Fabrica actually reproc 


and while 


Galen did.” 
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The uterus, placenta, and fetus. From the Fabrica. 


many Galenic errors both in the text and in the 
llustrations, and reveals the shallowness of Vesalius’ 
knowledge of certain obvious parts of the human 
body as well as his reliance upon Galen (/ 

What would seem to be Vesalius’ almost delib- 
rate neglect of more than a passing reference to 
ontemporary anatomists who, like Carpi and 
Massa 
mentioned at all) were the immediate intellectual 
his 


so far as I can discover the latter was not 


forerunners of Vesalius, and rather overag- 
eressive preface in which he criticizes “the supine- 
ness of the medical profession,” and gives a some- 
vhat critical picture of the state of medicine in his 
wn day, undoubtedly annoyed some people and 
mused others. Most agreed that its faults were 
ew and its virtues many, that, in short, it was a 
splendid book. As Fallopius put it, what Carpi had 


begun Vesalius perfected (/8). 


In his preface, without naming names, Vesalius 


made several pointed references which hit home 
ard. No fail to 


Sylvius as the object of these remarks. Speaking of 


one could recognize Jacobus 


his attempt to restore anatomy to some deerce of 


ompleteness Vesalius writes (19 


But this effort could by manner of means 


have succeeded, if, when I was studying medicine 


no 


Paris, I had not myself applied my hand to this 
siness, but had acquiesced in the casual and su- 
rficial display to me and my fellow-students by 
rtain barbers of a few organs at one or two pub- 
dissections. For in such a perfunctory manner 
s anatomy then treated in the place where we 
ve lived to see medicine happily reborn . . . ex- 
nt for eight muscles of the abdomen, disgrace- 
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fully mangled and in the wrong order, no one (I 



















speak the simple truth) ever demonstrated to me 


any single muscle, or any single bone, much less 


the network of nerves, veins and arteries. 


bf 


Referring to his illustrations, Vesalius writes 
p. 1364) 


But there comes into my mind the judgment of 
certain men who vehemently condemn the prac- 
tice of setting before the eyes of students, as we 
do with the parts of plants, delineations, be they 
accurate, of the the human 


never so parts ot 


body 


Sylvius had a well-known prejudice against 
anatomical delineations, and especially inveighed 
against those of Carpi, saying (20) that they could 
“at best, only serve to gratify the eyes of silly 
women.” 

Finally, 
raphic blast 


delivered 
19, p. 1364 


Vesalius himself of this se- 


Moreover I am aware [first] how little authority 
I am 
how 


my efforts will carry by reason of my youth 
and fsecond 
little, on account of the frequency with which I 


still in my twenty-eighth year 


draw attention to the falsity of Galen’s pronounce- 
ments, I shall be the attacks of 
those who have not—as I have done in the schools 
of Italy 


and who, being now old men devoured by envy 


sheltered from 


applied themselves earnestly to anatomy, 


at the true discoveries of youths, will be ashamed, 
together with all the other sectaries of Galen, that 
they have been hitherto so purblind failing to notice 
what I now set forth, yet arrogating to themselves 
a mighty reputation in art. 


Whether or Vesalius had Sylvius in 
when he penned these words, it is hardly a pre- 
that Sylvius_ felt 

apart ad- 
versely criticizing Vesalius’ contributions to anat- 


not mind 


carious conjecture to suppose 


himself grievously offended: but from 
omy in his classes he held his peace. The picture 
generally conveyed is quite otherwise, Sylvius being 
cast in the role of mephitic leader of those who 
“almost immediately” after the publication of the 
Fabrica rushed to the attack upon it and its author. 
21 That 


Sylvius publishing nothing until 1551, 


“almost immediately” lasted 8 years, 
he 
was provoked into doing so partially by the publi- 
the details of 


between them which Vesalius had initiated. This 


when 


cation ol a private correspondence 
publication took the form of a rather long letter 
replying to certain queries of Joachim Roelants 
concerning the china root. The original epistle is 
dated 13 June 1546 and it was published late in 
1546 (/1, p. 163 

Here Vesalius reveals that some time after the 
publication of the Fabrica he had written Sylvius 


with the greatest respect and deference, saying that 


Some of the “‘muscle-men” from the Fabrica. 


if there were any comments in his books on anat- 
omy which had displeased Sylvius, he, Vesalius, 
hoped that Sylvius would tell him what they were. 
To this Sylvius made answer at length to the effect 
that he could not believe Galen was in error and 
that friendship between himself and Vesalius was 
possible only if the latter made a complete retrac- 
tion of his criticisms, which, he added, were prob- 
ably the result of his youth and too-long association 
with the Italians. Vesalius replied that he was 


unable to oblige since age and experience had but 


served to confirm his views. He writes (22) : 


Many persons are hostile to me because in my 
writings I seem to hold in contempt the authority 
of Galen, the prince of physicians and preceptor 
of us all, because I do not agree indiscriminately 
with all his opinions, and especially because I have 
demonstrated that 
his books. Surely scant justice to me and to our 
studies indeed to our times! ... I 
rather have counted in this class any one than 
Jacobus Sylvius, an ornament to the physicians of 


some errors are discernible in 


and would 


our age; 
which he disclosed that he had read my books, he 
proved very decidedly that he does belong to this 
group. So now you can easily deduce what ground 
I covered in my letter to him which I sent on to 
you from Nimwegen so that your son could deliver 
it to Sylvius. 


but from the letter sent by your son, in 


It is a thousand pities that a copy of the letter men- 
tioned has not survived, but we may well guess its 
contents, and we may be sure that Sylvius thor- 
oughly disapproved them. 

In 1551, when Sylvius was 72 years of age, he 


published a broadside aimed against Vesalius en- 
titled Depulsto Vesani cuiusdam calumniarum in 
Hippocratis et rem anatomicam (The Refutation 
of the Calumnies of Vesanus). ‘The punning change 


of Vesalius into Vesanus (madman) was, as 


Kingsley has said (/2) 


but a fair and gentle stroke for a polemic, in days 


in which those who could not kill their enemies 
with steel and powder, held themselves justified in 
doing so, if possible, by vituperation, calumny, and 


every engine of moral torture. 


Sylvius’ absurdly fantastic arguments 
forward to show that Galen had indeed 
and described the human body, and not 
monkeys, as Vesalius had asserted, convi; 
body, but they made a great many people 
at Sylvius. 

When, 20 
Fabrica the sycophantic Franciscus Put 


years after the publication the 
pub. 
lished a scurrilous attack upon Vesalius (2:)). one 
of the persons Puteus called upon to testify 
was Gabriel ( 
Cuneus, who was professor of anatomy ai 


’ the 
soundness of his criticism neus, 
Pavia 
1554-74, at once made it thoroughly and un. 
equivocally clear that he was on the side of Vesal. 
ius. His reply to Puteus, published in 1564, was 
crushing and definitive, and put an end to the last 
of the detractors of Vesalius (24). 

Obviously a number of people were jealous of 
Vesalius’ achievement and hostile toward him on 
that account, and some also because his self-con- 
ceit annoyed them. Certain physicians of the Em- 
peror Charles, elderly colleagues of Vesalius, at- 
tempted to injure his standing with the king (25), 
The resentment, however, was a personal one, di- 


rected against the objectionable youth and im- 
periousness of its object. It was not a school of 
thought which through its followers was hostile 
to Vesalius but frustrated individuals who seized 
upon Vesalius’ criticism of Galen as a peg upon 
which to hang their abuse of the critic. Vesalius was 
himself a Galenist, and, apart from a few bigots, 
the Galenists were with Vesalius from the first. In 
the past the personal enmity of a comparatively few 
men has been made to appear as if it were the 
reflection of the spirit of the time, the Middle Ages 
in the person of the Galenists against the Renais- 
sance in the person of Vesalius. 

I have attempted to indicate that this view is not 
correct. 
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executive secretary, National Academy of Economics and Political Science, and 


Air Defense and the National Safety 

HE primary responsibility for the defense of 

America has been charged to the United 

States Air Force. To enable the most effec- 
tive employment of all air defense weapons, the 


Secretary of Defense, in September 1954, 
proved the activation of the Continental Air De- 
fense Command, composed of the Air Defense 
Command of the Air Force, the Army Antiaircraft 
Command, and those Navy and Marine forces in 
the continental United States that can contribute 
to the air defense mission. 

The Continental Air Defense Command is aided 
in its defense of the United States by the Strategic 
Air Command. It has an important defense re- 
sponsibility in the sense that the capability of the 
United States for decisive retaliation certainly dis- 
courages aggression. Even the existence of a pow- 
erful offensive force, however, does not necessarily 
insure security from attack, nor can the Strategic 
Air arm prevent enemy bombers from flying to 


ap- 


their targets once they are air-borne. 

The basic objective of both the Strategic Air 
Command and the Continental Air Defense Com- 
mand is to become so strong and so effective that 
an enemy could not afford to put these two air 
arms to the test. Secretary of the Air Force Talbott 
stated recently in an address before the National 
Press Club: “You exist if you are too tough to 
tackle. You perish if you are weak or unready.” 

Another objective of the Continental Air De- 
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secretary, Section K, AAAS. 


fense Command, in the event of hostilities, is t 
be able to destroy or divert as many approaching 
bombers as possible before they reach their targets 
and, in so doing, protect all those things we re- 
gard as dear to us—our families, our homes, ou 
industry—in other words, our way of life. 

In order to attain these objectives, the air d 
fense elements must reach the maximum capabil- 
ity of detecting enemy aircraft, identifying them 
intercepting them, and destroying them. Of cours 
what makes this so difficult is that technologic ad 
vances in air defense are countered by a corre- 
sponding growth in enemy offensive strength. As 
development in jet interceptors increases, for ex- 
ample, the enemy keeps pace in development of jet 
bombers. The matter becomes, therefore, that of a 
technologic race for the highest stakes the world 
has ever known. Whether or not this race can bi 
won depends for the most part on scientists a 
their scientific potential. The continuation of the 
American way of life depends predominantly and 
decidedly on the fulfillment of future air defens 
requirements. 

In order to detect approaching aircraft, radai 
sites must be placed strategically for greatest ef! 
tiveness. Such radar sites dot the American coast- 
line and the northern borders and extend across 
Canada and Alaska. Building radar nets is a long 
and costly process. From the start, budget and | 
duction limitations necessitated beginning the racat 
coverage near a few vital targets and subsequen'|y 
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the coverage outward. The outward ex- 
course, had to be confined to the most 


we netration routes. Among these logical 
™ the sea and polar approaches. Ground 
rat ‘s, therefore, are located to guard these 
‘Dp es. To provide extended early. warning, 
som lar units are being located well out to sea 
on picket ships and on “Texas ‘Tower”’ plat- 
forn iilt on wave-covered reefs. There are also 
air-t - early warning radar devices——literally 
“flyin radar stations,” which will be capable of 
swe the skies far out over the ocean beyond 
the Navy picket ships and “Texas Towers.” 

E\cn with this expansion, radar is not plentiful 
enough to detect all approaching aircraft. Then, 
too, existing radar has its operational limitations, 


for example, the inability to penetrate hills and 
mountains; the inability to project its waves around 
the curvature of the earth; and the inability to dis- 
tinguish, with consistency, the types and numbers 
of aircraft. It is, therefore, essential that there be 
maintained a civilian ground observer program to 
cover these weaknesses in our detection system. 
lhe civilian volunteer members of this corps de- 
serve a resounding tribute for the tremendous serv- 
ice they have already devoted to the security of the 
United States. 

lhe problem of identification of aircraft has been 
most difficult to resolve, and will continue to be, 
without unduly restricting the normal flow of air 
traflic. There are two methods of identifying air- 
cralt that are detected by radar or by the Ground 
Observer Corps—one is correlation of the track of 
an aircraft with known flight plans; the other is 
the sending of interceptor aircraft to make visual 
identification. 

Many steps have been taken and more are being 
formulated to reduce the number of aircraft that 
require visual identification by fighters. ‘The Civil 
\cronautics Administration has established areas 
known as Air Defense Identification Zones along 
our borders and over certain critical interior areas. 
The pilots of all aircraft penetrating such zones 
must file detailed flight plans before initiating such 
flights. These flight plans are then processed im- 
mediately through CAA and Air Defense channels, 
so that detected aircraft can be associated with 
such intended flights with respect to time, course, 
altitude, and air speed. If aircraft conform to these 
flight plans or promptly advise the proper ground 
station of changes, then the identification problem 
is simple. However, if pilots fail to file flight plans 
or do not adhere to those submitted, then fighters 
must be sent out for purposes of identification. 
his is costly and, of course, not particularly well 





April 





1955 





received by aircraft crews and passengers. It is, 








nevertheless, mandatory in order to eliminate the 
possibility of an unidentified aircraft being the 
first of an aggressor force to arrive within our radar 


surveillance. 

To accomplish interception, the Air Force has 
been allocated the finest and fastest jet intercep- 
tors presently available. Among the interceptors is 
the single-seater F-86D, an advanced version of 
the famous Sabre Jet, which proved its prowess 
in the Korean conflict. There are also the F-94C 
Starfire and the F-89D Scorpion—each carrying a 
two-man crew, pilot, and radar observer. All of 
these aircraft have their own air-borne radar and 
are capable of intercepting a target in any weather 
that might be encountered day or night. Once 
aloft, these interceptors are virtually steered to the 
vicinity of the target by ground radar controllers 
located at either land, naval, or air-borne stations. 
As the interceptor reaches the area of the unidenti- 
fied plane, the aircraft’s own radar takes over and 
guides it to the target. 

Augmenting the all-weather interceptors to meet 
emergencies are other types of fighter aircraft from 
the ‘Tactical, Strategic, and Training Comimands 
of the Air Force, the Air National Guard, the Navy, 
and the Marine Corps. ‘The augmentation fighters 
are armed, for the most part, with machine guns, 
whereas all-weather interceptors carry more lethal 
weapons—air-to-air rockets that are automatically 
aimed and fired by radar. Enemy planes that elude 
fighter interceptors become the targets of the Army 
Anti-aircraft Command, supported in coastal areas 
by shipboard naval firepower. The Army units of 
the Continental Air Defense Command encircle 
vital target areas and are presently completing 
their “Nike” euided-missile 
weapon. The Army antiaircraft units are of the 
nature of “last-ditch” defense. 

The success in integrating tools and weapons of 
air defense into an effective combat force depends 
entirely on communications. Communications and 
electronics are mseparable twins, for without one 
the other is of little value. Landline telephone and 
teletype are the primary means of communica- 
tions. Radio constitutes an alternate method of 
communications when wire facilities become dis- 
rupted or overloaded. For the purpose of contact- 
flight, however, 


conversion to the 


ing and controlling aircraft in 
radio is the primary and only means of communi- 
cation. The many radio frequencies are used in a 
variety of ways to maintain this necessary contact. 

A very recent and gratifying development that 
illustrates the cooperation on the part of govern- 
mental and civilian agencies in the communications 
field is known as Project Broadcast Fighter Con- 
trol. Very shortly each radar station in the United 
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States that controls fighters to effect interceptions 
will be tied in by landline to the most powerful 
commercial broadcast station in its vicinity. By 
this means, control messages can be relayed for 
transmittal without delay over such broadcast sta- 
tions, should this become necessary in an emer- 
gency. This arrangement involves the Air Force, 
the Federal Communications the 
radio industry, and, of course, all the broadcast 


Commission, 


stations and networks concerned. It is a significant 
step forward. 

An enemy attack, striking tonight or tomorrow, 
might cause several million American deaths. A 
high degree of readiness requires around-the-clock 
alertness of the entire air defense system. The dis- 
astrous consequences of a sneak attack must be 
avoided. As improvements are made in detection 
and warning capability in every conceivable way, 
the loss of American lives will be reduced many- 
fold. For best results, the enemy would most likely 
plan to execute the sneak type of attack when a 
guard is down. ‘This must never be permitted. 
Awareness by the public to threat of military ag- 
eression fluctuates with the international situation 
as jit is presented to them. Military readiness can- 
not be altered as rapidly, or to the same degree, as 
changes occur in the international situation. The 
degree of military readiness and alertness must be 
keyed to the capability—not necessarily the prob- 
able intentions—of the enemy long-range air force. 
Enemy leaders do not vary the strength of their 
military establishment as they vary their complex, 
but determined, foreign policy. As long as weapons 
of terrific destruction and the means for delivering 
them on the United States remain in the possession 
ol a potential enemy, this country cannot permit 
anything in the Continental Air Defense Command 
that will risk the survival of a free nation. 

The over-all capability of completing all the 
processes described here must be maintained, em- 
ploying the weapons associated with them, within 
a matter of a that is, from the de- 
identification of the first 


few minutes 


tection and hostile air- 
craft until the outcome of the first nuclear weapon 
attack on this country is known. Work proceeds 
vigorously, by every means possible, to improve 
warning, which is the most practical means of 
increasing the afore-mentioned span of time. Other 
developments and advances will affect only an ac- 
tual air battle itself. 

In order that the United States may have a near- 


perfect air defense, capable of destroying any acrial 
armada an enemy might launch, there is needed a 
far more extensive and effective air defense system 


than exists at present. Ideal requirements for such 
a force are probably not beyond scientific and pro- 


ductive capabilities. Within what is beliey 
practical limitations, certain required 
may be indicated. 

Several rings of radar stations capable « 
ing aircraft or missiles at least 80,000 ft 
tude are needed—completely encirclin; 
areas and the greater part of the North A 
continent. These stations should have i 
capabilities for detection in both distance a 
tude. They must operate continuously with 
mum of maintenance and have the capa! 
performing effectively in spite of enemy el 
countermeasures. There are bound to be | 
terrain gaps in these radar nets that will | 


be filled 


| million civilian Ground Observer Corps volun. 


wherever those gaps might be—by about 


teers, almost 3 times the number at present. All o| 
these requirements are in presently approved pro 
grams. ‘here must be all-weather interceptors tha’ 
can fly considerably faster and higher than an 
attacking bomber, and they must be able to reac! 
that bomber in a matter of minutes. Furthermor 
these interceptors must be stationed in strateg 
locations and have a combat radius that will e1 
able them to engage enemy aircraft in combat as 
far from continental borders as possible after radai 
detection, They must be designed simply so tha: 
they can be flown and utilized in combat by youn 
second lieutenant pilots of limited flying exper 
ence. These fighter aircraft must be available i: 
sufficient quantity to cope with the largest pos 
sible number of aircraft the enemy might emplo 


“ee 


For armament, firepower that “cannot miss” 


needed, both in air-to-air and surface-to-air wea] 
ons. A greater range in our surface-to-air weapons 
is also necessary so that crashing bombers that ex 
plode their nuclear cargoes will do. so in sparsely 
populated or unpopulated areas, where radioactiv 
fallout will cause the least amount of harm. 

The communications system must be able t 
render adequate performance at all times. In ad 
dition to the tremendous number of landlines 
quired, radio communications will continue to 
essential. The quality, range, and_ reliability 
transmission must be perfected on an already over 
crowded frequency spectrum. Furthermore, 
communications system must not be vulnerabl: 
sabotage and interference. 

Last, in order to achieve a completely effe 
air defense, it is necessary to consider the hu 
clement. In present radar operations, men 1 
study the sweeping, moving lines on radarsco 
This is undertaken for considerable periods 
might be compared to watching the sweep sec 
hand on a clock for hours at a time without lo 
ing away. When men become weary they m 
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\istakes that can be costly. Any reliable 
t can be developed to replace human 


ne should be installed in the air defense 
“we , doing so, a source of possible human 
er! | time delay may be eliminated, both of 
wl e detrimental to air defense operations. 
A deal of support is needed from research 
in lopment in this field. 

P s, the most important requirement where 
the in element is concerned is this: there must 
hy lity of trained and experienced people. 
Sufl it incentive must be offered to induce 
tra electronics personnel and skilled fliers, as 
well many others, to remain in the Air Force. 

If an assumption were made of a perfected air 
det system, such could be called immediately 


into action. This vast and effective defense force 
would meet today’s threat. But even assuming 
such a wonderful mechanism, complacency. still 
could not be permitted. Planning must be long- 
range, and technologic advances, both offensive 
and defensive, must outpace those of a potential 
enemy. If superiority in this respect can be ob- 
tained, the glorious reward would be that no 
nation would dare to attack us. 

Many of the items presently needed for con- 
temporary air defense are already well on the way, 
from “prototype to production type.” In research, 
scientists have made startling progress in the past 
decade, but the problems encountered are stag- 
gering even to the imagination. A push-button de- 
fense, for example, would involve the automati- 
cally launched and steered defensive guided missile 
with a computer-type automatic pilot. Such a mis- 
sile must be capable of speeds many times the 
speed of sound and have an altitude range into 
the stratosphere, It must also be unsusceptible to 
electronic countermeasures, and its power plant and 
automatic guidance must be such as to provide 
precise accuracy at the target. The complexities 
of missile warfare are multitudinous and difficult 
to comprehend. The concept can be likened to 
trying to hit with a rifle bullet the bullet just fired 
rom another rifle. Until a completely effective 
pilotless aircraft or missile can be acquired, the 
most difficult barrier to transcend is the “human 
barrier.” As lone as an aircraft must be manned, 
its performance must, of necessity, be limited by 
What the human body can endure. Many problems 
in this area are extant today. 

\n adequate air defense for the nation cannot 
be achieved by the military alone. It requires a 
hich degree of cooperation from men of science, 
irom industrialists, and from many other segments 
of the population. The courage, the perseverance, 

the foresight to achieve the means needed to 
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defend our country will require the efforts of all 


American citizens. 


Security Measures for the National Economy 


The necessity to plan for the defense of the na- 
tional economic system has been precipitated by 
the phobia of the thermonuclear weapon. Enemy 
possession of atomic and hydrogen bombs, deliv- 
erable at random objectives within territorial bor- 
ders, poses the great difference in defense planning 
from such experiences of World War II. ‘This vital 
fact cannot be disregarded: to do so is to invite 
national calamity. ‘To the commonly discussed 
threat of aerial attack must be added the possibility 
of submarine and clandestine attacks with nuclear, 
biological, or chemical weapons. 

Total war can have only one adequate defense: 
total preparation. ‘Total preparation, no mattet 
how well conceived, is of doubtful value unless it is 
ready for an attack. An enemy, moreover, does 
not have to destroy every city in the United States 
to cause an unacceptable amount of damage. Just 
20 of our largest metropolitan areas contain 56 
percent of the defense industrial capacity and 30 
percent of the population, including 43 percent of 
the industrial working force. ‘Two-thirds of the in- 
dustrial capacity, along with one-third of the total 
population and nearly 7 million industrial workers, 
is located in 31 metropolitan areas. Here, then, is 
the volume of concentration that makes the nation 
vulnerable. Added to these figures is the fact that 
many of the most essential functions of Federal, 
state, and local governments are located in these 
same few target areas. A clear picture, thus, may 
be had of what a famous American scientist has 
termed “our industrial-governmental elass jaw.” 

What can be done about this condition? There 
are those who would rely on normal growth of the 
economy. They point out that this accounts for 
both doubling and rebuilding the entire produc- 
tive machinery approximately every 40 years. From 
a purely theoretical standpoint, it is possible to 
reduce the target value of production centers about 
3 percent each year just by making certain that 
all new industrial facilities are properly dispersed 
But is there sufficient time to accomplish total re- 
duction of industrial vulnerability by this means? 
It is possible to improve the structural strength of 
facilities so that the area of major damage caused 
by any one bomb could be reduced by 32 percent, 
with an increase in construction cost ranging from 
10 to 20 percent. Can this, solely, be regarded as 
an acceptable measure for national security? 

Certain imponderables must be faced. Who 
knows when an attack may occur, by what specific 


means, and at what specific locations? Is prepara- 






















































tion necessary for one or two H-bombs, a series of 
A-bombs, nerve or germ warfare—or all of these? 
How closely can administrative and industrial de- 
fense plans, evolved through interagency and inter- 
governmental conferences, follow the technologic 
changes that may create new and startling threats 
almost overnight? How can advance preparation 
be accomplished when much of it relies upon ad- 
ministrative mechanisms dependent upon new laws 

laws that no peactime Congress or peace-loving 
people can reasonably be expected to enact? What 
will be the relative effect of Federal budget alloca- 
tion among the military, research, industrial mo- 
bilization, and nonmilitary defense agencies in 
terms of the ability of the country to absorb blows 
and still be able to launch effective military re- 
taliation in sufficient quantity and over sufficient 
time to win through to whatever “victory” can be 
gained? 

These are not easy questions to answer in a re- 
public whose entire history has been built on open 
debate and commitment to a policy of always re- 
ceiving the first blow before it strikes back. Whether 
they are answered, and in time, will depend upon 
the leadership and responsibility of the Federal 
Government. 

Realistic defense measures for the national econ- 
omy require an entirely different set of guiding 
principles than those used in past planning. Gov- 
ernment, at all levels, must strive (i) to reduce 
the effects of enemy attack on people, cities, in- 
dustry, and government; (il) to assure continuity 
of basic governmental functions, essential produc- 
tion, and vital community services: and (iii) to 
deal with emergency conditions resulting from at- 
tack and restore essential facilities necessary to 
support the national security while maintaining 
the will to fight. 

A fundamental principle in nonmilitary defense 
preparations, and basic to the afore-mentioned gov- 
ernmental objectives, is that of providing the earli- 
est possible warning of attack. In the public domain 
is the recent authorization of seaward and land- 
ward radar extensions to assure early information 
of mass attacks on this country. This is a strictly 
military phase of early warning, made effective by 
military discipline, military weapons and man- 
power, and a military evaluation of the threat. 

At the other end of the communication line are 
some 160 million citizens whom the military is 
sworn to protect and upon whom the military is 
dependent. It is to the concern of all that a mili- 
tary decision regarding attack imminence be passed 
to those citizens at the earliest possible moment 
and in a form that they can translate easily into 


the action that time permits. ‘Time has become the 


keystone to individual and national sur\y 

the Federal level, action is being accele 

assure maximum possible warning to all 

Irrespective of the type of warning, citiz 

know what it is, realize what it means, anc 

pared to act. This, in the final essence, i: 

organizational but an individual problem o 

one. It is a vital part of “total preparatio 
Equally basic to nonmilitary defense | 

tion is the principle of dispersion. It is ax ' 

that, as the destructive potential of a single \ apon 


grows, the damage potential of that \ apon 


must be reduced. The density of both populatio; 
and productive machinery, therefore, must by 


thinned. Space, in application hereto, provides 
best defense, since it does not become obsolet 
when newer and more powerful methods of atta: 

are developed. 

Through the tax amortization incentive of th 
Federal Government, the nation is making stead) 
progress toward industrial dispersion. This does 
not mean an uprooting of estabiished factories 
Recommendations are that new industries or ne: 
plants locate at a safe distance from the boundary 
of a target zone, in order to obtain relative safety 
and still meet economic requirements. The extent 
to which transportation costs enter into these re- 
quirements may determine the extent to whic! 
regionally discriminating freight rates, still exist 
ent, should be analyzed in the interest of nationa 
security. 

Local industrial dispersion committees, con 
posed of business, municipal, labor, and civic lead 
ers, are contributing greatly to this program by 
helping industrial management select dispersed 
economically feasible sites for new plants. ‘Ther 
are now 92 of these committees operating in most 
of the large metropolitan areas of the country. As 
a result, during the past year, 86 percent of the new 
plants costing $1 million or more, for which th 
Office of Defense Mobilization granted accelerated 
tax amortization, were located on dispersed sites 

Population density must be reduced to the point 
where individual cities are no longer worthy of at 
tack. By minimizing the effectiveness of attacks 
the vulnerability of big cities will be reduced. Thes« 

the the nation’s 
and, likewise, potentially the greatest 


cities are source of much of 
streneth 
weakness. Acting under new legislation, the Hous 
ing and Home Finance Agency is initiating a ¢ 
prehensive slum-clearance program aimed at 
ducing population density but, unlike prey 
programs, providing for the displaced populat 
The density of population in the centers of cit 
must be reduced, and part of this land must be 


verted to nontarget uses such as parks and fr 
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treats, however, with only one phase of 

| problem. 

e movement of working personnel with 
ed factories, forces, at the same time, 
locations to sites so far removed that 
« becomes undesirable on a permanent 

accompanying campaign by each com- 
equired, therefore, to sell its employees 
sirability of moving. When full informa- 
ding community facilities and housing 
is is furnished to employees, companies 
na large percentage of their trained staff. 
(hey will retain even larger percentages as they 


i 


pany 
on tl 
tion 


, 
cond 


work «ith home-financing agencies and the banks 
to extend metropolitan home-building interest rates 
to stualler Communities. 

A third basic principle of defense is that organi- 


zation, procedures, and working relationships re- 


quired for successful war administration must be 
in operating readiness in advance of an attack on 


this country. An orderly progression of interna- 
tional crises until a declaration of war is obtained, 
as in the past, cannot be assumed. A peacetime 
sovernment must be prepared to convert in a mat- 
ter of a few hours to one organized to meet war- 
time responsibilities. It is known that the country 
could not survive for long if essential governmen- 
tal functions were destroyed or long disrupted. 
lhose functions, therefore, have been identified 
ind the attendant numbers of people, equipment, 
ind space needs, together with communications 
ind other requirements—on a minimum basis. 

The Office of Defense Mobilization has been 
xsploring the means of locating governmental 
functions where they cannot be disrupted by enemy 
ittack. There is no intention of abandoning Wash- 
neton as the seat of the Federal Government. In- 
stead, emergency relocation centers for essential 
functions have been selected in an arc from 30 to 
) mi of the nation’s capital. The plan is to effect 
this same kind of emergency relocation in all cen- 
ters of Federal, regional, or area activities. Emer- 
rency relocation is, of course, only a partial step 
lo spread the target as widely as possible and 
thereby offer a potential enemy the least possible 
ieturn for his efforts, dispersal should be on a per- 
manent basis. The extent to which government at 
ill levels demonstrates its ability to function under 
ttack emergency may determine the extent to 

h the citizen wills to retaliate and keep fight- 


ential functions must be identified for emer- 
relocation. Flexible plans are needed; nuclei 
nizations must be extant, ready to swing into 
mobilization action. These requirements call 
proved organization plans, staffing patterns, 
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and procedural instructions. More than this, they 
call for operating assignments to be given to 
personnel now performing nonessential work and 
for training of Federal personnel and executive re- 
serves in their wartime essential functions. 
Finally, plans and administrative mechanisms 
must be geared to reality by ‘“war-gaming”’ these 
plans against a variety of attack assumptions. ‘The 
operating readiness of the nuclei wartime organi- 
zations designed to meet those assumptions must 
be tested for near perfection. In this connection 
the Federal Government take 
steps toward the decentralization of decisions to 
responsible heads of regional offices and major 
field establishments. Until realistic delegations of 
emergency program and day-to-day administrative 


must immediate 


authority are made to these officials, it will be im- 
possible for the Federal Government to meet the 
kind of administrative crises that would 
from a sudden attack. No Federal coordinating 
mechanisms now exist in the Federal administra- 
tive areas, and present differences in authority and 
administrative 


result 


regional boundary result in an 
patchwork quilt. These matters do not apply to 
the immediate postattack responsibilities of the 
Federal Civil Defense Administration or the various 
state civil defense administrators. The very exist- 
ence of desirably strong, legally created state civil 
defense administrations, however, introduces prob- 
Federal-state 
crisis, unless relationships are clearly worked out 


lems of coordination in time of 
in advance. 

Decentralized operations for defense and _re- 
be supplemented with strong 


habilitation must 


central policy and program organizations. Na- 
tional program-determining and resource-allocat- 
ing bodies must be operationally ready to evaluate 
early information of attack damage and issue pol- 
icy directives to govern regional and local admin- 
istrative groups. If they are not, emergency opera- 
tions of local groups will expand past the rehabili- 
tation stage and either (i) unbalanced require- 
ments based on unreviewed local needs, (ii) re- 
gional competition, or (iii) telescoped demands on 
remaining storage and productive machinery may 
disrupt and impair the long-range programing 
necessary to maintenance of a successful military 
effort. 

A fourth principle underlying nonmilitarv§ dé 
fense preparations involves protec tive construction 
The relation of such construction to protection 
from damage and, therefore. ability to recover in 
dustrial production rapidly is mentioned in a fore 
going paragraph. It is axiomatic that recuperabil 
machine is an essential 


itv of the productive 


element in national security. 











Identification of general target areas through 
the Federal Civil Defense Administration and vital 
productive facilities through the interagency In- 
dustry Evaluation Board has been attempted. Posi- 
tive plans to disperse essential plants, where pos- 
sible, also have been initiated. Vital facilities that 
cannot be dispersed must be protected to improve 
their chances for survival. This means building or 
improving shelters in existing buildings or requir- 
ing structural protection in new buildings that 
must be located within the target zone. It means 
reducing fire hazards through better housekeeping. 

States and cities should amend laws and ordi- 
nances to include standards of construction and 
zoning that will help improve ability to resist the 
effects of weapons. Architects, engineers, and build- 
ers are cooperating by including in their designs 
the measures necessary to help new buildings with- 
stand the pressure of nuclear weapons. Further 


cooperation is sought from those who invest money 


in real estate. They must be urged to protect in- 
vestments by locating them safely or building them 
to a higher standard of strength. 

Priority of Federal efforts is placed on the plants 
that are most important to the defense effort and 
cannot be dispersed. An interagency Facilities Pro- 
tection Board has been organized to pool the in- 
formation in the hands of several agencies and to 
assist the Office of Defense Mobilization in devel- 
oping standards for physical security that can be 
adapted by the management of individual plants 
to meet the specified situations. 

As a final tenet of defense planning, the stock- 
piling of critical materials, machinery, and man- 
power to the maximum extent possible has been 
undertaken. There is the realization that the nation 
will have to fight the first 2 years of any new war 
on the basis of material and machines on hand and 
talent then available. There is constant reevalua- 
tion of assumptions and progress toward materials 
stockpile goals. Stockpiling of manpower, how- 
ever, is a more fluid and complex problem, because 
manpower does not remain constant; it has a will 
of its own. Thus, there are in process an inventory 
of talents, a building and training of reserves of 
executive abilities, and a certification that tech- 
nical training is available and is being stimulated 
in colleges and universities. 

The Office of Defense Mobilization, in the Exec- 
utive Office of the President, is responsible for 
planning and coordinating the mobilization of in- 
dustrial and commercial might. It is its responsi- 
bility to see that wartime operating matters are 
clearly assigned so that duplications and gaps will 
be kept at a minimum. The ODM program areas 
are constantly examining transportation, produc- 
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tion, communications, materials, manpo\ 
stabilization problems. And, as necessary 
sponsibility for planning certain wartin 
tions has been delegated to existing Fe 
partments. 

As with every new weapon, there ar 
against nuclear attack. They involve a com 
of factors of early warning, dispersal arran 
operational readiness, protection of vital | 
and the stockpiling of materials and m 
These defenses, like the weapon itself, inv 
penditures of money, time, human effort, a 
sacrifice, as never before required. With tl 
try’s existence at stake, every effort must | 
to meet these terms. 

Mobilization is no longer to be undertake: 
declaration of war or after war starts. Eit 
stay ready at all times to absorb and sury 
worst blow an enemy can strike, or we 
If we do not, there probably will be no chance 
mobilize afterward. If we do, there is 
chance that the blow will never be attempt 
we will have substituted many targets for 
The enemy will no longer be able to destroy 
tively the capacity to operate and, thus, to | 
the national spirit by a massive attack on ma 


metropolitan areas. 


Recent Developments in Civil Defense Policy 


Under the Federal Civil Defense Act of 195 
civil defense is designated as the responsibility 
marily of the states and their political subdivision: 
The structure of civil defense is thereby consiste: 
with the American philosophy of government. } 
yond that, it becomes the only workable way 
which to approach the problem. The only for 
under Federal control, even under attack, are t! 
employees of the Federal Government other tha 
the military. The only forces a governor control; 
are generally the mobile support groups that h 
authorized by statute to organize directly to sup- 
plement the civil defense of the subdivisions. This 
decentralization makes it possible for some states 
to subscribe to some measures and theories, som 
to others, and, unfortunately, some to none at all 
The task of the Federal Civil Defense Administra- 
tion, therefore, is essentially one of research and 
consultation. 

Civil defense consists of two broad phases. Th 
first phase immediately precedes the explosion © 
atomic or hydrogen weapons. The second phase 1 
the phase following such explosions. Basic prac- 
tices and procedures followed in the second pas’ 
are largely those devised by the British in World 
War II. Here, reference is made to such thin 
the development of auxiliary police forces to 1 
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.d order, auxiliary fire departments to 
he organization of transportation facili- 
ommunity and of communications fa- 

ie area, the development of block war- 
he organization of medical and hospital 
the region involved. Since World Wat 
things of a protective nature have been 
ing learned from the German experi- 
hniques employed in the Scandinavian 
are studied, all three of which have ex- 
vil defense organizations, Other nations, 
e developing civil defense—Canada, ‘Vur- 
tugal, Italy, and certain other areas o1 

of the world. 

Civil Defense 

striv in recent months to develop new  tech- 


Administration has been 


niques for the first phase, the phase immediately 


he for \tomic weapons are exploded. In this phase 
civil defense has just one tool 
In February 1953, the Civil Defense Administra- 
though aware of what had happened in 
ok in November 1952, was still planning in 
of the explosion of atomic weapons the 
equivalent of 50,000 tons of TINT. The weapons 


utilization of space. 


that were exploded over Japan were the equivalent 
of 20,000 tons of TNT in explosive force. The 
documentary records of Operation Ivy, however, 
required a reevaluation of some major tenets of 
civil defense policy. Explosive force now was that 
of a weapon the equivalent of several million tons 
 TN'T. Operation Ivy opened a hole in the island 

Elugelab 175 ft deep and created a crater a 
mile wide, literally blowing away the entire coral 
island. Since that time, in March 1954, another 
explosion in the Pacific has occurred of a weapon 
that was much larger than the one that was por- 
trayed to the nation in the film release “Opera- 
tion Ivy.” 

Today, in the Federal Civil Defense Administra- 
tion, planning is in terms of the possible utilization 
na third world war of weapons of 10 and 15 
million tons of TNT explosive equivalent. Actually, 


the end of explosive force is not in sight because 
t} 


ere seems to be no reason why weapons could 
not be made the equivalent of 25 million tons or 
1) million tons or more of TNT. This means that 
‘such a weapon is dropped, for example, over 
the San Francisco Bay area, the area would be 
bliterated. Or, likewise, over Los Angeles, a large 
portion of the city would be pulverized. 

In view of these facts, in June 1953, suggestions 
irst were made that the only hope to save the 
lives of the American people in the event of an 
atomic war was simply to evacuate target cities. 
Preattack evacuation has emerged, thus, as the best 


! - . 
hope of survival. 
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The question might be asked whether or not 
cities can be evacuated. A number of exercises 
have been effected and more are to follow. A care- 
ful study of the question has been made by rep- 
utable organizations competent in the field. So far 
developments indicate that evacuation is possible. 
It can be accomplished. 

The first test conducted was in Spokane, Wash- 
ington, a city of 160,000 population. In the down- 
town area, 16,000 people were moved out of the 
office and industrial buildings on foot, a distance 
of some 7 to 8 blocks, in the rain, in 8 min. 
In Mobile, Alabama more than 30,000 people were 
moved by automobiles and public transportation 
from the downtown portion—leaving only guards 

to the outskirts of the city in 22 min. In Houston, 
Texas, which is now a city of more than 600,000 
population, a preliminary test moved all the auto- 
mobiles out of the downtown area, an area of more 
than 400 blocks, within 6 min. Albany, New York, 
and other cities, have had trial tests. 

In Milwaukee, Wisconsin, the Wilbur Smith As- 
sociates of New Haven, Connecticut, a traffic en- 
gineering firm, and the Traffic Control Institute of 
Northwestern University were employed to make a 
study of the sufficiency of the roads and highways 
leading in and out of Milwaukee and of the traffic 
control procedures that would be necessary to de- 
termine whether it would be feasible to evacuate 
800,000 people from the city of Milwaukee. The 
conclusions estimated that four-fifths of the metro- 
politan area population could be evacuated from 
probable bombing range, north and west, within 
3 to 7 hr. The report indicates further that, by 
widening some roads at the outskirts of Milwaukee, 
evacuation can be made even more feasible. It is 
believed that speculation no longer exists concern- 
ing the problem; given adequate warning time, 
people can be evacuated. Even though evacuation 
might not be 100-percent successful, any evacua- 
tion is better than no evacuation. The Smith study 
is being converted into a basic traffic pattern for 
the planning use of all cities. 

The foremost study in civil defense, to the knowl- 
edge of the author, was made by the Associated 
Universities of the East. The study 
East River. In East 
stated that the only way civil defense can be made 


is known as 
Project Project River it is 
to operate is to make it manageable, and to make it 
manageable three things were required: (i) dis- 
persal of industry and population, (ii) adequate 
warning time, and (i) effective air defense. 
Progress in the areas of early warning systems 
and effective air defense is being attained at a rapid 
rate. The dispersal of industry and_ population, 


however, is not proceeding at a satisfactory rate. 











This aspect of civil defense must be stimulated. 
Dispersal, in the final analysis, is the most impor- 
tant tool of passive defense. It has some implica- 
tions that are not pleasant to those who own prop- 
erty in the center of a city, just as the atomic bomb 
may not be pleasant to those who own such prop- 
erty or who may be in the center of the city. But it 
is necessary to disperse industry and population. 
The more hopeful aspect of the matter is that a 
normal trend toward dispersal is now being effected 
in the United States. Dispersal is proceeding, if at 
only a normal rate, from the centers of large cities 
to outlying areas. 

A major problem of civil defense is complete 
evacuation. New York, for example, presents, per- 
haps, the worst evacuation problem in the world. 
The principle here, of course, is that a thinning of 
the population of cities means that lives will be 
saved. kinds of are 
There must be what is generally called strategic 
evacuation. Such would be undertaken any time 
the world situation worsens to the point that it 
becomes clear that war is imminent. The aged, the 
infirm, and the children should be removed from 


Two evacuation necessary. 


the large cities, as they were in England during the 
last Second is tactical which 
starts when information indicates that enemy bomb- 
ers are approaching. In this regard, estimates can 


war. evacuation 


be made that from 3 to 4 to possibly 6 hr of warn- 
ing time can be given, depending upon the location 
of various communities within the landmass of the 
United States. 

There are three effects of an explosion of an 
atomic weapon: (i) a blast effect which pulverizes, 
fractionalizes, and vaporizes everything at the point 
of the explosion; (ii) a fire effect, covering the 
number of miles that the flash covers, dependent 
upon the atmospheric condition on the day that it 
occurs and upon the size of the weapon; (iii) the 
radioactivity that is created by the explosion of the 
weapon. Unfortunately, there has been a tendency 
in the United States to minimize the effects of 
radioactivity. It appeared for a long time that 
atomic weapons would probably be detonated sev- 
eral thousand feet in the air, since, by detonation 
at that height, the enemy would be able to obtain 
the maximum amount of blast effect over the 
widest possible area. Of course, if a weapon is 
detonated 2000 or 3000 or 4000 ft in the air, radio- 
activity is not created to the same extent that it is 
if detonation is made into or close to the ground. 
However, new investigations in this field indicate, 
that with the development of these tremendous 
weapons in the millions of tons, an enemy could 
drop a hydrogen bomb on, for example, the San 
Francisco Bay area and get all the blast effect de- 
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sired or needed and all of the fire effect n ded } 
detonating the weapon either into the ¢ 7 
close to the ground and, in addition, co 
in the air tremendous quantities of p 
radioactive material. The heavier partic! 
fall close to the explosion and the lighter 
drift for distances in the higher altitude. 
bomb first explodes there is a puffout or 
out of radioactive material, which extend 
few miles, again dependent upon the siz 
weapon. Then the surface winds move 
this material. But surface winds are of less 
than are the higher winds. The winds fron 
to 30,000 ft high appear to cause the 
problem. These winds ordinarily move aro 
earth from a westerly direction, varying from sum. 
mer to winter, from southwest to northwest. Studies 
are going forward in this field, and useful inform; 
tion is being gathered. 

The civil defense problem is complicated 
fore, not only by the blast and the fire, but 
by the problem of radioactive material. Obvious) 
evacuation must downwind. 
must be away from the path of this material as 
goes out over the countryside. Eventually informa- 


not be Evacuatior 


tion concerning the fallout pattern must be mad 
available in the most complete manner to 
American people, since it will be their lives that 
will be at stake. The matter is applicable to ru 
areas as well as to city populations. 

It is fortunate that radioactive material decay 
rather rapidly. Most of it would decay in a matter 
of hours. Some of it, of course, would not dec: 
for a long time. It would appear that anyone wh 
can get into a large office building would immedi- 
ately cut the hazard to some extent. If he co 
get into a basement, the hazard would be cut ma- 
terially. But if he can get under about 53 ft 
ground, it appears that there would be absolut 
protection against the effects of radioactivity. Pos 
sibly the best defense against radioactive fallout 
to get into an old-fashioned Kansas or Nebras} 
cyclone cellar. If one could get inside a cyclon 
cave, with 3 ft of dirt overhead, with some kind 
of filtering substance in an air intake, safety would 
be assured. The leneth of such refuge would de- 
pend upon the indications of a Geiger counter. |! 
no event would it appear 
within such protection more than 4 or 5 
Everyone in the United States should have som 
kind of a backyard shelter thus indicated if res- 
dence is outside of the area of blast and fire. I! 


necessary to remall 


days 


residence is 15 mi from an assumed target arca, 1! 
also would be advisable to have one of these caves 


for protection. It would guard against fire, it would 


offer some protection against blast, and it wo 
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lly absolute protection against radio- 
might be stated parenthetically that 
material can be bulldozed away, and 
-ashed from buildings. 
2 major metropolitan target complexes 
nited States were bombed, destruction 
‘ct only about 3 percent.of the land area 
nited States. Thus, there still would be 
places) W hich to fight, still reasons for which to 
foht, is does not minimize, however, what 
ippen in this country if an atomic bomb- 
ing occ wrred of the kind a prospective enemy is 
now able. If an enemy caught the people of 
the United States in its cities, there would be mil- 
lions of dead immediately, and more millions of 
njured. There would not be enough doc- 
tors. nurses, veterinarians, dentists, and _ first-aid 
people to take care of the injured. 

The United States was not planned with atomic 
warfare in mind. Only one city in the world is 
plann i for the atomic age—Darmstadt, Germany. 
It was gers by the English one night in World 
War II. There was a strong wind spreading fires 
sO me that fire engines were ineffective and 
And now the Germans 
Fire con- 
structed they can 
structed. The Germans have required that if a per- 
son builds on his own private property fronting 
roads, he must build far enough back 
from the street line so that if the 
lapses, it will collapse on the property and not on 
the public thoroughfare. Darmstadt is the only 
place in the world that has the type of streets that 
will permit evacuation in the event of an emer- 


would 


people 


thousands burned to death. 


Darmstadt. 
wide 


alleys were 


roads so never be ob- 


on those 
building col- 


vency. 

If 20, 30, 40, or 50 American cities were bombed, 
what could be used for money after the attack? 
What would happen to the insurance companies 
of America? What would be used for food? In 
many cities the commercial foodstuffs are 
in the target area. What could be used for trans- 
portation if the great harbors of America were 
bombed? In the New York-New Jersey area there 
re tremendous concentrations of petroleum, right 
This condition exists throughout 


exactly 


in the target area. 
the country. 

The Civil Defense Administration is working un- 
and 


easingly on problems of medical, economic, 
social nature. The mobile field hospital is a recent 
development. In transportation, the best system of 


emergency priorities is being established. Much 
work still must be done on matters of a political 


and legal nature. The care of documents and rec- 


ords requires attention by businesses and _indi- 
viduals. Continuity of courts and judicial admin- 
istration must be provided. In most states the 
governor has the power to fill judicial vacancies. 
Although in many constitutions a clear line of suc- 
cession is stated if vacancies occur in the gover- 
norship, in others it is silent. 

Problems of estates and dependency matters also 
need attention. The majority of the great financial 
institutions are in the midst of metropolitan cen- 
ters and are sure to be targets in an all-out attack. 
Measures are needed to allow for adequate credit, 
debt, and currency functions, for proof of deposits 
and use of negotiable instruments by evacuees. 
In a postattack period uneasy conditions would 
demand early maturity dates on loans, giving rise 
to moratorium problems. Techniques for clearing 


debtors of obligations would be required. 
Questions of Corporations 
must have a succession of management. With es- 
sential civilian production reduced to a_ trickle 
problems of national morale would arise from un- 


satisfied demands for goods and services required 


past 


insurance risk arise. 


to maintain life. 
Within the past 3 years interstate compacts for 
of critical target areas 


emergency organization 


have been drawn. In most cases these call for vol- 
untary relinquishment of some sovereign 
political subdivisions. Some agreements have been 
reached state Federal 


voluntarily granting power to the FCDA regional 


rights by 


between and governments 


administrators in the interest of common defense. 
The alternative 
tional chaos or 


planning in these fields is na- 


martial law. History has demon- 


strated, however, that martial law is neither essen- 
tial nor desirable in civil defense operations. 
The Civil Defense Administration has some of 
the answers to these problems; it is not 
that they are the American 
ship in respective fields is invited to consult with 
and offer suggestions to the administration on 
gveneral matters. Leaders at all 
must recognize the importance of their actions in 


certain 


right answers. leader- 


specific levels 
making civil defense effective. 

There is no bomb, no collection of bombs, that 
can be exploded in this world as of this minute that 
Whether such a holocaust 
is unknown. But 
to be 


world. 
in the 
reason in the 


can destroy the 
will come sometime future 
today there is every 
hopeful. Above everything, mankind must learn to 
develop the social consciousness and common sense 


world 


to cease engaging in futile and foolish slaughter 


every 25 years or so and learn to live in peac 


SPW 


\pril 1955 











Some Oceanographic Results 


of the Odyssey 


W. E. MALONEY 


The author has been a member of the Division of Oceanography, | 
Hydrographic Office, in Washington, D.C., since 1951. His undergra 
graduate training in biology were taken at the George Washington I 
Mr. Maloney is the coauthor of a forthcoming paper on tidal theor 

in the Transactions of the American Geophysical Union. 


HE plains of Troy which had rung with the 

sounds of battle for 10 years had long been 

still. The seduction of the fabulous city by 
a wooden horse had been accomplished, and prob- 
ably even now men were building another city, one 
of six more to follow, atop the cold ashes. Priam, 
king of ‘Troy, was dead, slain at the city’s fall. The 
handsome Paris, lover of Helen, was dead, the vic- 
tim of a poisoned arrow wound and the righteous 
wrath of his legal, river-nymph wife who refused 
to perform her healing arts on a faithless husband. 
Achilles, alas, was also dead; Priam’s arrow, guided 
by the jealous Apollo, had found the fatal heel. 
Agamemnon, surviving 10 years of warfare, had 
returned to his home only to die at the hands of a 
guilty wife and paramour. All this had come to 
pass as the result of one of the greatest struggles of 
history and literature and to most of the principals, 
in one way or another, the end of this period was 
the end of their lives. 

Not so, however, for the brave and crafty Odys- 
seus who had incurred Poseidon’s wrath for blind- 
ing the Cyclops and as a result was doomed to 
wander the length and breadth of the Mediter- 
ranean Sea at the whims of that god. For 10 years 
in the early part of the 11th century B.c., the hero 
of Homer’s Odyssey was driven about the sea, ex- 
periencing adventures whose authenticity or sym- 
bolism are today still debated with interest and 
vigor. 

Not the least of these experiences was the en- 
counter with Scylla and Charybdis. As Homer de- 
scribes it, Odysseus and his men must pass in their 
ship between two high cliffs. On the one side, the 
six-headed, twelve-armed monster Scylla lived in 
the cliff and was wont to gobble up six men from 
every ship that passed close by. On the other side, 
the whirlpool Charybdis thrice daily swallowed the 
water and spouted it back out. When she swallowed 
the water, she showed black sand beneath her 
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whirlpool and the rocks boomed all around. Whe: 
seeth- 
ing mass and the spray rose high in the air. Shy 


she spouted it out, the water swirled up in a 


could easily swallow a ship. 

The oceanographer reading this passage fron 
Homer is immediately struck by several facts: (i 
the periodic nature of Charybdis’ function; 
the obviously strong currents and countercurrents 
(111) the towering cliffs on each side that imph 
narrow strait. 

The Strait of Messina, the narrow channel t! 
separates Sicily and Italy, stands out as the obvious 
setting. Indeed, to this day “Scilla Rock” is stil 
to be found there. The tidal currents, coursing first 
one way then the other through the strait, ar 
among the strongest to be found anywhere in t! 
world. At times of spring tides, when the sun and 
moon the 
speeds greater than 5 knots at places within tl 


combine their forces, currents reach 


strait. The lives of the seafaring people who li 
along the coast are so bound to the currents that 
specific names have been given to them. The north- 


going current is called the ‘“Montante” while th 


Fig. 1. A modern odyssey. Capt. Adrian V. Lane 
research vessel Atlantis shown rowing a Greek din 
the Mediterranean. [Courtesy Woods Hole O 
graphic Institution.]} 


THE SCIENTIFIC MONTHL\ 





a seeth- 
air. She 
ge from 
acts: (1 
on: 

‘urrents 
imply a 


nel that 
obvious 
9 : } 
is. stil! 
sing: first 
rait, are 
e in the 


ts reach 
thin th 
vho_ live 
nts that 
e north- 


hile the 


ne of th 
jinghy 
O 


is called the “Scendente.” ‘The currents 
ut every 6 hr and 12 min, thus having 
sals in a 24-hr period. Both the “Mon- 
| the “Scendente” cause particularly un- 
countercurrents, called ‘Bastardi,” to 
close to shore. 
it that we should find these conditions in 
led “tideless” sea, the peaceful blue sea 
i, currents? The answer is that long before 
eous Helen ran off to Troy with Paris 
vengeful Greeks amassed before the city 
before quarrelsome man spread his puny 


civilization around the shore of the inland sea, the 


forces of nature conspired to form a unique set of 
circunistances. 

The principals in this ever-continuous show are 
the moon, the sun, the two major subdivisions of 
the Mediterranean Sea known as the eastern and 
western basins, and the blue salty water that the 
hasins contain. The Mediterranean Sea can be con- 
sidered to be two large basins lying end to end, 
ommunicating through the fairly wide Strait of 
Sicily between Sicily and Tunisia and the narrow 
Strait of Messina between Sicily and Italy. The 
sravitational forces of the sun and moon passing 
over the sea from east to west cause the waters to 
“pile up” first at one end and then the other end 
of the two basins. You can illustrate this for your- 
self the next time you bathe. When the tub is about 
one-half full of water, place your hand in the water 
n the center of the tub and move it horizontally 
it varying speeds. Soon you will hit upon the 
proper rate of movement, and the water in your 
tub will begin to slosh back and forth as one body. 
Now you will see that when it is high tide at one 
nd of your tub it is low tide at the other end, and 
vice versa. Now visualize two bathtubs placed end 
to end and connected by a narrow vertical open- 
ng. Suppose that the water in each tub is set in 
motion, as was previously done, but timed so that 
when it is high tide on one side of the opening it 
is low tide on the other side. It is apparent that the 
differing water levels that are being set up be- 
tween the two tubs will drive the water through 
the opening first one way, then the other. This is 
analogous to the situation between the eastern and 
western basins of the Mediterranean. When it is 
high tide at the southern end of Messina Strait, it 
slow tide at the northern end and the “Montante”’ 
rushes northward. About 6 hr and 12 min later it 
is high tide at the northern end of the strait and 
low tide at the southern end and the “Scendente” 











Fig. 2. Three thousand years after the wanderings of 
Odysseus the research vessel Atlantis of the Woods Hole 
Oceanographic Institution made a 6-mo odyssey in the 
Mediterranean to obtain ocean-current measurements, to 
chart and photograph the bottom, and to investigate th 
productivity of that sea. [Courtesy Woods Hole Oceano- 
graphic Institution. 


rushes southward. Even though the rise and fall of 
the tide in the Mediterranean Sea is slight, the 
hydrostatic force set up by the differing tide levels 
of the water in the two basins causes these rapid 
currents in the narrow strait. 

It was the goddess Circe who tipped off Odysseus 
concerning the dangers he would encounter be- 
tween “Scylla” and “Charybdis.” Regardless of her 
beauty and divinity, however, we must relegate her 
to the position of a mere descriptive oceanographer, 
for, had she truly understood the things of which 
she spoke, her advice to Odysseus would have been, 
“Set thy 
at a time such that you may pass between Scylla 


sail, most admirable Ulysses [Odysseus]. 
and Charybdis when the ocean waters stand half 
high and half low, for then Scylla sleeps deep 
within her cave and Charybdis neither sucks in nor 


spouts out the water.” 


SPW 
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of Paper Chemistry. He received his training at George Washington 
and the University of Maryland. In 1938-40 he was Lalor fellow at th: 
sity of Leipzig. Dr. Pigman, whose chief field of research and inte? 


carbohydrates, is an editor and founder of Advances in Carbohydrate (¢ 


scientific 


PTHIN 


research has changed from the status of 


our recent memory 

an avocation of scholarly individuals to 
that of a major social force. The public now 
anxiously awaits the announcement of cures for 
cancer and polio; there is fear that the Communists 
may discover a still bigger H- or L-bomb; and 
published reports of new drugs or of the possible 
influence of smoking on the incidence of cancer 
affect the stock market the next day. 

In the development of research, Birmingham is 
representative of the general expansion that has 
occurred in the South. Ten years ago very little re- 
search was being carried out; since then former 
slum areas have been replaced by modern research 
organizations, including the University of Alabama 
Medical Center, the Southern Research Institute, 
the 
nation, a similar resurgence has occurred. National 


and several industrial laboratories. All over 
meetings formerly attended by hundreds are now 
attended by thousands. According to the National 
Science 20-fold funds 
spent by the Federal Government for research and 
development took place between 1940 and 1954; 
$97 million were spent in 1940, and $2200 million 
in 1954. These sums represented 1 percent of the 


Foundation, a increase in 


federal budget in 1940-43 and 3 percent of the 
much larger total budget in 1952—54. 

The appearance of science as a major social 
force has created many problems. We are justly 
proud of our American civilization. But how much 
scientific culture does Mr. Average 
have? Our educational system has failed miserably 


American 


in raising the culture of our people to an appreci- 
ation of the need of basic science. There is even 
less of what James B. Conant has called an “Under- 
standing of Science.” 

Mr. Average American has not been taught to 
think critically or to weigh evidence. In the current 
controversy over the incorporation of fluorides in 
drinking water the public uses personal testimonials 
on the same basis as scientific evidence. Should our 


1CMIStry 


amusement not be tempered with-sadness when wi 
read “I found that drinking one bottle of Hadaco 
cured my rheumatism?” With even more sadness 
we find some scientifically trained people thinking 
in the same fashion. In the battery additive hear. 
ings involving the National Bureau of Standards 
and Pioneers, Inc., the 
AD-X2 (a mixture of 
would, when added to a batter 
prolong its life. Several technically trained indi. 


issue was whether ma- 


terial sodium and mag- 


nesium sulfates 


viduals said they were sure it would work becaus 
they had tried it! 
the Hadacol users at whom they would laugh. Ar 


they spoke in the same way as 


Assistant Secretary of Commerce used the sam 
argument—a personal testimonial. The director o! 
the National Bureau of Standards almost lost his 
position over this issue. 

The persons involved in these two examples we! 
not all people with a limited education; some had 
had an above-average education, and some eve! 
a technical education. In very few areas of ou! 
have the basic facts and 
methods of science been properly incorporated an 
taught. The result is that the majority of ou 
people are scientifically “illiterate.” This creates a1 


educational system 


situation, anticipated bj 


“There is 


extremely dangerous 
Goethe 
frightful than an active ignorance.” 

The patent laws provide another example. Ou! 


when he said, nothing mor 


highest court not so long ago, developed 
principle of “the flash of genius.” An inventio! 
could not be made by a systematic pianned attack 
An invention was like a stroke of lightning from ar 
unclouded sky. It had no origin oF 
reason. If it did, it was not an invention. 


Discoveries take place when a definite stage 0! 


apparent 


scientific, technologic, or clinical development 
occurs. They are then almost inevitable if the ‘acts 
r 


are known to persons facing specific problems. 1) 


outstanding example of this was Thomas Edison 


whose genius led to many practical discov 
Without the basic studies of electricity during tht 
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entury, many of Edison’s discoveries 


ave been possible. 

knesses in the patent law have been 
id in the Patent Act of 1952 the earlier 
ts were relaxed. It may be predicted, 
that additional will be 
the future; the legal qualifications of an 


invent must be in harmony with the real man- 


modifications 


ich discoveries and inventions are made. 
ance of the public in this respect can be 
| by a request once made by the manager 


ner 1n 
[he 1 
illusti 
of at ) station that a discovery be made some 
mornin: and recorded on tape so that he could 
broadcast it later at his convenience! 

The same ignorance of science is apparent in 
some ol the current controversies about secrecy in 
scientilic matters. Scientists, for example, Oppen- 
heimer, are even accused of disloyalty because they 
have defended free technical discussions and open 
publication. Educated, intelligent, but scientifically 
imnorant people do not know that the whole future 
development of science is based on open exchange 
of information and free criticism. ‘They do not 
know that the basic secret of the atomic bomb was 
published in scientific papers and known to the 
community of scientists before its application was 
obvious. 

Excessive secrecy will destroy all scientific prog- 
ress and will be as effective for this purpose as 
bombs placed under each of our research labora- 
tories. Because of the very nature of science it is 
either impossible or at least highly inefficient to 
have an American science or German science or a 
Russian science. Certainly there are no_ special 
American or Russian atoms or French molecules. 
Goethe said, “Science and art belong to the whole 
the barriers of 


and before them vanish 


nationality.” Our scientists are creating a united 


world, 


world, while our politicians are endeavoring to 
keep it split. Which is the way to peace, happiness, 
and prosperity? 

These fruits of the tree of scientific ignorance 
are so rotten that a stench is arising. In other 
situations the difficulties are more subtle but es- 
sentially just as important. One of these, although 
it is somewhat abstract, is a problem that will pro- 
loundly affect our future comfort, health, and 
national defense. It is partially a fruit of ignorance 
and partially one of semantic difficulties. It is the 
meaning of the term basic research. 

The term research is itself a source of confusion. 
Rescarch means simply a careful systematic or 
diligent search for facts or principles. It comes 
irom an old French expression meaning “to seek 


” 
again, 


In general and proper usage, one finds 


library research, historical research, legal research, 


Apri! 1955 


industrial research, clinical research, and scientific 
research. Scientific is no more a necessary adjective 
for research than damn is for Yankee! Scientific 
and basic research are special restrictions of the 
general term. 

Basic research is simply our effort to understand 
the elementary composition and operating princi- 





















ples of the world in which we live. It ultimately 
leads to the development of concepts such as 
electrons, atoms, molecules, chromosomes, cells, 
energy, electricity, radio waves, and to generali- 
zations such as the Mendelian laws and the laws 
of thermodynamics. The reason for society’s sup- 
port of research is that with knowledge of causes 
comes power to control the results. Claude Ber- 
nard, the father of modern physiology, described 
the object of experimental science as “to discover 
the laws of natural phenomena, for the purpose 
not of foreseeing them but of regulating them at 
pleasure and mastering them.” 

Basic research frequently is highly specialized. 
Because of its low state of scientific culture the 
public cannot even understand the nature of some 
of the problems. How is it possible to explain the 
nature of an abstract problem in physics or 
chemistry? One would have almost insuperable 
difficulty in explaining in simple words studies of 
inductive effects in organic reactions, Walden in- 
versions, entropy changes in enzyme reactions, and 
organic syntheses. Even scientists in one field are 
unable to understand the problems of other fields. 
The late C. S. slightly fa- 


cetiously but with much wisdom, “Basic research 


Hudson once said 
is research in which the only person with much 
interest in it is the investigator himself.” 

Basic research usually and perhaps always has 
no apparent purpose. This quality particularly dis- 
turbs the nonscientist who cannot understand the 
reasons for the public financial support of work 
that will lead to no known immediate result. Per- 
haps the situation can be made clear by likening 
basic research to the explorations of the 15th and 
16th centuries during which the physical geog- 
raphy of the earth was made known to Europeans. 
Society financed these explorations without know- 
ing specifically what could be found. Columbus, 
financed by the jewels of Queen Isabella, sought 
the Indies instead. Our 
modern explorer—the can no 


more really predict the nature of his discoveries 


and found America 


basic scientist 
than could Columbus. He must explore before 
reporting his discoveries. 

When the basic knowledge of our universe has 
reached a definite stage of development, persons 


with problems in specific fields may find in the 


prior basic discoveries the solution to their specific 








problems. This application is what is known as a 
practical discovery, an invention, a cure, or an 
industrial process. The value of iron could not 
have been predicted before its discovery. The basic 
studies of electricity and radio waves were the 
bases of electric motors, radios, and _ television, 
and of our modern industry and manner of living. 
Modern chemotherapy has been a side result of 
the past century’s elucidation of organic chemistry. 
Who can now foretell what wondrous properties 
and materials of our universe still remain to be 
discovered? 

The process of adapting basic discoveries to the 
use of man is called variously clinical research (in 
the medical and dental fields) and developmental 
or applied research (in the industrial field). Such 
research may be readily understood by Mr. Aver- 
age American. Nearly always, a direct purpose or 
problem is involved. The problem may be the best 
way to cure a sick person, or the least expensive way 
to make a useful product. This type of research 
has high importance as the last stage in the 
utilization of information created by basic re- 
search. It ingenuity and_ skill, 
usually with very little actual knowledge of basic 
science, but with an understanding of its results. 
The essential difficulty may turn out to be the find- 
ing of a suitable solvent or of a proper piece of 


requires much 


equipment. 

Another type of research is common, but its 
special existence is not generally recognized. In 
current research, for example, numerous workers 
have reported that it is possible to produce decay 
in extracted teeth by placing them in a nutrient 
solution that bacteria 
isolated from a human mouth. With the purpose 
of demonstrating how tooth decay occurs, an ap- 
paratus called the “artificial mouth” was developed. 
The procedure is to take sound extracted teeth 
and expose them to bacteria from the mouth. To 
keep the bacteria alive, a solution containing 
food needed by the bacteria is allowed to drip 
constantly over the teeth. This simulates the flow 
of saliva over teeth in the human mouth. It 
was found that teeth could be completely de- 
stroyed by this treatment. Since natural decay is 
usually highly localized, especially in pits, the 
artifical attack seemingly was too general. How- 
ever, the decay could be restricted to regions much 
like those naturally seen if the teeth were brushed 
at least twice daily. This seemed to be a result of 
the removal of bacteria from the cleansed surfaces. 
In the human mouth this is probably accomplished 
mainly by the rubbing of the cheeks and tongue 


has been inoculated with 


over the tooth surfaces. 
Later it was found that the presence of certain 


254 





sugars in the liquid running over the teet 
important. Sound teeth remain uncha: 
long periods, if the amount of sugar — gma 
(<0.10 percent). With 0.5 percent gluc« 
liquid, the enamel of the tooth was attac 
dentin appeared sound but had lost its 
matter. When about 0.2 to 0.3 percent 
was present, the entire tooth was attac! 
destroyed. Apparently the decay process 
markedly influenced by the amount of son 
in the saliva, a fact long recognized by di 


S Very 


in the 


search workers. 

Clinicians might call the work with the artifica) 
mouth basic research. Basic scientists miclit call 
it clinical research. Probably it is neither. Severa| 
years ago, the late C. M. A. Stine, vice president of 
the DuPont Company, pointed out that a dis. 
tinction should be made between basic researc} 
and what he called “pioneer industrial research,” 
By this he which the basi 
variables of a process are studied. However thes 
variables are not directly explainable in the term; 


meant research in 


of the basic sciences. Edison carried out muc! 
such research. For example he investigated | 
possibilities of many different materials as _fila- 
ments for his electric light bulb. His carbon fila- 
ment worked, but there was no known reason fo! 
its success. The pharmacologist 
operate similarly when new drugs are made an 
tested empirically. 

Essentially this type of research may create a 
isolated body of scientific knowledge. It creates 
special science, not integrated with the princip 
body of basic science and not interpretable on 1! 
basis of established previous scientific principles 
and concepts. Usually a fairly definite purpos 
dominates the work, and the results will hav 
directly useful application or significance. 

Such research might be called 
Edisonian research to distinguish it from basic 1 
search or from applied industrial or clinical 1 
search. Pioneer or Edisonian research has muc! 
value but should not be confused with basic ex- 
ploratory research and particularly should not sup- 
plant it. 

Much confusion can be avoided if these dis- 
tinctions in types of research can be kept in mind 
All are necessary. All require intelligence and 
ingenuity. But the skills and training needed may 
be quite different. Their combination is_neces- 
sary to make new discoveries useful to society. Y‘ 
it must be kept in mind that the basic research 
carried out over the past several centuries has been 
the seed from which the current improvements in 
health and living have blossomed. 

Our scientists are our modern explorers, p\ 


chemist and 


pioneer 01 


‘ 
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- frontiers of the “land of knowledge.” 
nd not on this earth or in the heavens 
composed of them and of the minds of 
. limitless land fraught with difficulties 
plorers. ‘Towering mountains, rushing 
iid deserts, pestilent swamps, and 
ngles must be penetrated and conquered. 
ble riches in well-being and material 
re to be found. Perhaps even the “foun- 

yuth.” 
aturies the mind of 
ploring ‘his land. A small portion of it has been 
vitled. Here the original explorations have been 
for the benefit of mankind. Around the 
ettled region the explorations have been 
Jeyond the frontier 


man has been ex- 


itilizec 
densel 
vely less extensive. 
. boundless unexplored areas, the explora- 
dividends for a 


progr 
are 
tion of which will 
ciety courageous enough to support the explorers. 
As the border regions are explored and become 
1 part of the “land of knowledge,” the frontiers 
move outwards. The explorers are followed by 
vttlers and industrialists who exploit the original 
discoveries for the benefit of mankind. Finally the 
weas become fully populated, the results of the 
original discoveries are fully utilized, and progress 
only can continue by an expansion of the borders 
into new unexplored areas. Progress ceases unless 
society continues to support the basic explorations 


return great 


on the frontiers. 

Our basic science laboratories are the modern 
version of the frontier forts or of the towers on the 
borders of the Roman Empire. But unlike the early 
towers, these are towers of ivory, places of work 
and shelter not readily defensible against physical 
assaults. 

The poetic concept of the ivory tower is a place 
of repose and meditation. Wilfred Rowland Childe 


wrote: 


\ tower of ivory it is 

Beside a shoreless sea: 

I look out of my lattices 

\nd the saints appear to me. 


Incidentally, the first known use of the ivory 
tower in this sense was apparently by the French 
poet Sainte-Beuve who in 1837 compared the con- 
temporary writers Victor Hugo and Alfred de 
Vieny in the following words. 


Curiosity is one of the most permanent and certain characteristics of a vi 


lect —SAMUEL JOHNSON. 


Hugo, strong partisan 
. fought in armor, 
And _ held 

tumult: 
He still holds it; and Vigny, more discreet, 
As if in his tower of ivory, retired before 


high his banner in the midst of th 


noon, 


Apparently there must have been still earlier use 
of the term. 

Time for meditation, protection from dis- 
tractions, and provision for the daily bread are an 
prerequisite for scientific research. 


important 
The Origin of Species 


Charles 


Darwin in said: 


Che presence of a body of well-instructed men, who 
have not to labor for their daily bread, is important 
to a degree whi h cannot be overestimated: as all 
high intellectual work is carried on by them, and 
on such work material progress of all kinds mainly 
depends. 


Our scientific ivory towers are not God-given. 
They must be constructed and maintained at con- 
siderable public expense. In providing for thei 
construction and maintenance, society is making 
diversified investments with the dividends to be 
paid in the future. Although one investment may 
not be successful, others will more than make up 
for the poor ones. Our past scientific and tech- 
nologic progress provides ample proof of the wis- 
dom of these investments in basic research. 

Our exploration and conquest of the “land of 
knowledge” can be expedited if society constructs 
an increasing number of ivory towers. Construc- 
tion will not suffice alone. Our towers need to be 
cuarded by staunch administrators, whose aim is 
not personal advantage or power but unselfishly 
to expedite the explorations by providing the 
necessities for work and _ life. Our explorer 
scientists have a heavy responsibility under this 
arrangement, and individual failure will bring 
criticism on all and retard the advance of science. 

These ventures require the full cooperation of 
society, administrators, and basic and applied 
scientists. Mutual respect for the part each is play- 
ing is essential. We must take the same chances 
taken by Queen Isabella in financing Columbus’ 
voyage. Some of our modern explorers will return, 
not with the riches of the Indies, but with much 
greater riches in eventually improved health and 


livine conditions. 


igorous intel- 














Organic Detritus in the 
Metabolism of the Sea 


DENIS L. FOX 


Having moved to this country from his native England in 1905, Dr. Fox 


ceived his training at 


the University of California and Stanford Universit; 


From 1925 to 1929 he was a chemist with the Standard Oil Company of Calj. 


fornia; since 1931 he 
where he is now professor of marine biochemistry. In 1938-39 Dr. lox w, 


has been at the Scripps Institution of Oceanograph) 


i 


a Rockefeller Research fellow, and in 1945-45 a Guggenheim fellow. He is ap 


occasional 


HE earth’s hydrosphere, comprised largely 

of the oceans, is a heterogeneous system of 

particulate substances, ranging in dimensions 
from visible aggregates down to colloidal micelles 
of solid, liquid, and gaseous character, dispersed in 
an aqueous saline solution. The salt concentration, 
moreover, shows wide variation, for example, from 
a few fractional parts per million in mountain lakes 
and streams, through increased amounts in estu- 
aries and river mouths, reaching values of 3.3 to 
3.5 percent in the sea, and values nearly 10 times 
as high, or full saturation, in land locked salt 
waters. 

The distribution and concentration of leptopelic 

1) or finely suspended organic and inorganic ma- 
terials in natural waters likewise show wide varia- 
tion; minimal quantities are present in clear alpine 
lakes, while the highest concentrations prevail in 
stagnant tropical or subtropical swamp waters. In- 
termediate but greatly varying amounts are en- 
countered in the oceans. The relative populations 
of microplanktonic organisms and the correspond- 
ing concentrations of their particulate detritus are 
partly responsible for the various green, yellow- 
green, ruddy or brownish colors of near-shore 
areas, while the blue-green or blue shades of deep 
oceanic areas represent the clearest waters. 

The relative quantities of organic (for example, 
protein, lipid, polysaccharide, and humus) and in- 
organic leptopel (insoluble silicates, phosphates, 
carbonates, hydrated oxides, and so forth) and the 
ratios between the two kinds of suspended materials 
exhibit high variability even in temperate regions; 
the kinds, concentrations, and relative proportions 
between these two major classes depend upon tem- 
perature, relative density, water movement, season, 


light, and distance from shore (2) 


consulting biochemist and the author of Animal Biochromes and 


Structural Colors. 


Concentrations of organic leptopel in marin 
waters may vary from a few fractional parts per 
million in midocean or at great depths, through 
values of several milligrams per liter near the sur- 
face of near-shore areas, and up to tenfold or mor 
in surface slicks or just beneath them. Quantities o! 
particulate organic matter, adsorbed as pelogloea 
to solid surfaces, may exceed the amounts sus. 
pended in water by 10 times in beach sand, which 
commonly involves about 1 percent organic matter 
or by 100,000 times in fine silt or bottom muds (/ 

The ocean might be regarded as a vast, loosel) 
integrated but complex and actively metabolizing 
“cell,” its somewhat salty but organically dilut 
“sap” gaining some of its dissolved nitrogenous 
and phosphatic nutrients from land drainage, some 
directly from electric storms and washing of the 
air by rain, and a considerable fraction through 
bacterial agents in the marine biochemical cycle 
The ocean’s fluid medium executes many well-de- 
fined currents, thus implementing a vast, comple. 
circulatory system (3). Thus nutrients, dissolved 
eases and solid or semisolid inclusions are trans- 
ported, while fluid masses of differing original salin- 
ities and temperatures receive partial mixing. A 
“respiratory” exchange of CO, and Oy, takes plact 
between the ocean’s surface and the atmosphere, 
and an immense “transpirational” cycle of wate! 
likewise occurs through evaporation and reprecip- 
itation as rain. Photosynthesis is carried out on an 
enormous scale by green phytoplankton and by sca 
weeds of the euphotic zone. The circulating watery 
fluid bathes innumerable organized tissues, main- 
taining their osmotic integrity, bearing the fin 
divided food particles for their direct or ultiniate 


somatic maintenance, while providing for the «s- 


persal of their reproductive products and their ¢.:{a- 
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Certain solid, more chemically inert 
be gradually “excreted” from the cen- 
tral m nding their way to the ocean floor. 

Hie viability within the oceanic cell applies 

} the organic content of its waters but to 

rences in the intensity of metabolism. 
evels of total organic carbon and organic 
nay prevail, for example, both at warm 
| latitudes and in deep, cold waters of the 
‘acific, while the total biochemical turn- 

reach its peak in temperate latitudes 
ar the land mass. There are great seasonal 
s in the metabolism of the sea in polar 
regions, biochemical processes reaching their low 
ebb in the winter freeze, and achieving a maxi- 
mum with the spring thaw. 

This article (4) is primarily concerned with the 
distribution, measurement, and metabolism of or- 
canic matter in its suspended (leptopelic) state 
and in its adsorbed (pelogloeal) condition. Or- 
vanic matter in true solution is commonly but a 
minor fraction of the total (5). In practice, the 
colloidal or other particulate material is collected 
on microfiltrational membranes of cellulose acetate 
and nitrate, whose porosity retains bodies as small 
as 0.5 », or preferably 0.2 », in diameter. Staining, 
washing, and drying the filtered residue in situ 
are followed by homogenizing the membrane to 
light by the addition of an inert fluid of equal re- 
fractive index. Numbers, and 
total volume and weight of cellular material may 
then be estimated microscopically. Ashing of suffi- 
ient material so collected will yield values of in- 
organic leptopel concentration (2 

Organic leptopel is determined chemically by 
passing the water through a layer of fine, inert 
inorganic powder, for example, MgO and refined 
celite, capable of adsorbing the finest colloidal 
micelles, even such as molecular hemoglobin with 
imean diameter of only 5 mp» (5). Complete oxi- 
dation of the collected sample will yield measur- 
able CO. and NHs, or will leave a titratable quan- 
tity of standard oxidant, such as chromic acid. 
Alternatively, total ether-soluble lipids or total 
diagnostic pigments such as carotenoids or por- 


bolic 
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local \ 
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size-distribution, 


phvrins may be recovered and measured. 

The common progenitor of the first living, re- 
producing biochemical complexes involved the 
liydrosphere, a vast heterogeneous “cell” bearing a 
treat diversity of organic and inorganic compounds 
rom which the newly formed aggregates were 


; ; bo mt 
able selectively to assimilate their nutritional sup- 


plies (6). Unorganized organic matter greatly 
preponderated over the living kind and still does, 
but. as organisms have evolved, great changes 


have occurred in the kinds of nonliving organic 
compounds of the environment. It is profoundly 
questionable whether living matter is still arising 
de novo in today’s world, for there is now a plenti- 
ful supply of atmospheric and dissolved oxygen, 
as well as a ubiquitous population of microflora, 
both of which agencies would promote the early 
destruction of any new, labile molecules (6, 7 
The lifeless organic matter of the environment is 
made up largely, if not totally, of biochemical 
detritus, that is, from catabolic wastes, undigested 
residues and parts of dead organisms. 

Large and diversified populations of organisms 
will be supported in regions of high content of 
unorganized matter. The two so-called “states” 
of organic matter exist inseparably in a dynamic 
state of flux, barring ephemeral dislocations from 
outside influences. Still, in any relatively equi- 
librated system of this kind, or in the marine world 
taken as a whole, the mass of unorganized detrital 
organic material must exceed considerably that of 
the collective living entities. Such a condition is a 
cumulative heritage from the primary photosyn- 
thesizers and is indispensable for the continuance 
of life as we know it. 

Since true organic solutes can hardly exceed a 
small fractional part per million in most marine 
waters (3), they are inaccessible directly to ani- 
mals and are doubtless consumable only very slowly 
by bacteria (8, 9). 
persed, suspended condition, whether free or ad- 


But organic matter in a dis- 


sorbed to inorganic suspensoids, is a readily utilized 
source of food, since filtering or suspension-feeding 
animals are able to resolve and consume the dis- 
perse phase of a fine “puree,” while they cannot 
utilize a thin tea or ““consommeé”’ of true solutes. 
Let us survey briefly the metabolic activities of 
three representative marine animal species that 
feed upon suspended or adsorbed detrital matter. 
The sea mussel, Mytilus californianus, is a typical 
suspension-feeding bivalve; the polychaete beach 
worm, Thoracophelia mucronata, is a wholesale 
Lit- 


class. of 


swallower of sand, and the intertidal snail, 


torina large 


“scrapers” that cut away siltstone and its surface 


planaxis, exemplifies a 
layer of pelogloea by means of a horny tongue or 
radula. 

\ population of | million mussels, for example, 
on an area of rocky surface, aggregating about 
34 acre, will, during their second year of life, filter 
the finely suspended material from at least 22 mil- 
lion tons of their environmental water, equivalent 
to a volume of ocean water about | mi square and 
25 ft deep. If the suspended organic matter in this 
water amounts to about 5 ppm, the mollusks re- 

















move some 121 tons of such material. Augmenting 
their own collective weight of organic matter by 
t.1 tons, they yield a ratio of filtered to incorpo- 
rated organic matter of about 3.3 percent. By no 
means all of the filtered organic matter, however, 
is ingested by the mussel; much of it may be re- 
jected by the gills and palps. Furthermore, a siz- 
able portion of the organic material swallowed is 
not digested, for example, humus, chitin, cellulose, 
and other refractory materials, as well as numerous 
living dinoflagellates bearing impervious envelopes 
(10-13 

Manifestly these factors will combine toward a 
greater efficiency on the part of the consumer. An 
alternative but still conservative value for this effi- 
ciency may be derived from the data estimated by 
(14 


half of which are in their first year of life, about 


Fox and Coe for a community of mussels, 
a third in their second year, and the remaining 
sixth in their third. A hundred mussels of such an 
total of 
1960 ¢ of feces in a year and will manufacture 210 


age distribution will void an estimated 
g of gametes, while depositing a total of 139 ¢ of 
new somatic tissue, all figures being on a calcu- 
lated ash-free, dry-weight basis. These values yield 
a quotient of 17.6 percent efficiency. However, 
since the fecal weight, taken as the denominator, 
will be exceeded by the weight of material actually 
ingested, the figure for efficiency must be taken as 
only roughly approximate. 

Jenthic suspension-feeders, such as_ bivalves, 
and the like, 
amounts of fine organic detrital matter from the 
sea, assimilating significant fractions of it as new 


tissue, while eliminating the greater portion in im- 


tunicates, sponges, remove’ vast 


pacted fecal aggregates. Some of these aggregates 
settle to the floor of the sea, there enriching the 
nutritional supplies of mud-dwelling animals and 
the resident microflora. Freely swimming suspen- 
sion-feeders, including many smaller crustaceans 
and salps, doubiless occupy an outstanding role 
in that portion of the marine biochemical cycle 
which involves organic leptopel. 

The burrowing annelid worm, Thoracophelia 
mucronata, occupies damp sand in large numbers 
along the western North American coast, where it 
continuously passes sand through its alimentary 
tract, utilizing as food the relatively small quanti- 
ties of colloidal and other finely divided pelogloeal 
material adsorbed from the water to the siliceous 
surfaces. A characteristic worm bed, 10 ft wide, 


may extend indefinitely along a sandy shore, 


limited chiefly by rocky barriers. 
A worm bed 1 ft deep, aggregating 500 mi in 
length and 10 ft in width (that is 


» occupying an 


contains 2.64 x 10° ft 
1.41 


age population of 3000 worms | ft? wi 


area of 1 mi” 


sand, weighing 10° tons when dry 
aggregate of nearly 8 x 10'° animals in 
weighing a total 3500 tons. Since each 

may ingest about 2100-fold its own n 
annually, the community will be capable 
7.3 x 10° tons of sand per year. Of the 7 
of available organic matter associated 

quantity of sand, 700 tons will be conv 
new tissue, assuming an annual life-cv 
species thus demonstrates a value of abou 
cent for the ratio of ingested to newly a 
A 2-year 
value for the apparent efficiency. While not } 


ganic matter. life-cycle would h 


haps to be regarded as completely typi 
polychaete species may represent, in a general way 
the metabolic pattern of sand- or mud-eating 
vertebrates (1/35) 

We may consider, as a final example, a typical 
the ' 
This common periwinkl 


scraper or radulate feeder, intertidal snail 
Littorina planaxis (16 
feeds on the small quantities of algae and pelogloea 
adhering to impacted Eocene and Cretaceous silt 
stone. It is a major agency in the erosion of th 
the 


comminuted form. Populations of the snail o1 


siltstone and in its return to sea in finely 


tidally exposed siltstone near La Jolla, California 
have been estimated to number about 333 animals 
per square meter. A 
length (the predominant size) augments its tissu 


snail with an 8-mm shel 
dry weight by about 7.2 mg annually. It ingests 
approximately 2336 mg of the siltstone per yea 
Since the consumed substrate involves about 2: 
percent organic matter, the ratio of newly incorpo- 
rated to ingested organic matter is (7.2 100 
(2336 x 0.026) = 11.9 percent. 

While metabolizing the organic material at thi 
fairly efficient level, the calculated 8.6 x 10° snails 
on a square mile of wet siltstone will erode, in 
period of a year, approximately 2200 tons 
3 x 10* ft®, of the siliceous material, fixing as t! 
material, 6.82 tons of the total 57.2 tons of org: 
matter available. 

The casual observer knows that the operatio 
of this biological agency does not efiect a h 
geneous removal of a fractional millimete: 
year from the surface of this stone, but inste 
results in the production of many roundish 
vations of widely varying circumference and d 
These erosion basins occur not only in horiz 
areas, where they remain filled with inte: 


water, but appear in smaller sizes in slopin 


even vertical surfaces. It has been estimated t! 
theoretical standing community of 100 Litt 
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average (8 mm) shell length, would 
if excavating a liter of siltstone in 11.5 


indom examples will perhaps provide 
)f the magnitude of only three diversi- 
al and chemical operations, continuing 
scale through the activities of countless 
vertebrate species whose nutrition de- 
n ample supplies of suspended or ad- 
trital organic matter. 
in order to gain some concept of the 
rganic leptopel involved in the waters of 
| oceans, let us adopt a relatively conserv- 
ue of 1 ppm as its average concentration 
the density of this organic detritus is ap- 
tely equal to that of water, and if we apply 
e of 1370 x 10° km* (about 330 x 10° mi 

reregate volume of the world’s oceans (3), 
ve a product of (5280)* x 330 x 62.4 = 31 
‘lb, or 1.5 x 10% tons. This figure, even omit- 
ting the mass of pelogloeal organic matter ad- 
sorbed to immersed surfaces, is suggestive of the 
quantity of suspended organic detritus which, serv- 
ing as a primary or secondary source of food, is 
involved in the vast and perpetual metabolic cycles 

of carbonaceous matier in the sea. 

Some approximate values derived from estima- 
tions by Riley and others (/7) would suggest that 
the foregoing provisional value may not be far out 
of line. If, for example, a relatively high value, 
200 », of organic carbon (or roughly 400 ¢ of 
organic matter) may be taken to represent the 
juantity produced annually by marine phytoplank- 
ton beneath each square meter of ocean surface, 
then applying the factor of 360 x 10'? m? for the 
total ocean surface yields a value of 14.4 x 10" g, 
which is equivalent to about 3 x 10'* Ibs, or 1.5 x 
\0" tons, of organic matter synthesized per year. 

The estimated minimal standing crop of sus- 
ended organic matter exceeds this quantity by 


tenfold. Adding the estimated total productivity 
of land plants would augment the phytoplankton 


value by only about 3 x 10*° tons per year (/8), 
or roughly 17 percent, giving an aggregate of about 
1.8 x 10"? tons of organic matter synthesized per 
year on land and sea. 

Since the foregoing value for total annual ma- 
rine phytoplankton productivity may be somewhat 
high, and the estimated value for the standing 
crop of organic matter relatively low (that is, 
referring only to suspended, not to sedimentary or 
adsorbed, organic matter) the persistent quantities 
may exceed the annual synthesis by more than one 
order and perhaps by as much as two orders of 
magnitude, 
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limited by time and space, the limits of our exact knowledge are very small indeed. 
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SCIENCE ON 


THE MARCH 


PROCUREMENT OF MONKEYS FOR THE RADIOBIOLOGICAL LABORATOI 


i ler difficulties experienced by the Radiobiologi- 
cal Laboratory of the University of Texas and 
the United States Air Force, Austin, ‘Texas, in pro- 
curing Macaca mulatta (rhesus) monkeys that 
were free of tuberculosis, excessive parasitism, the 
effects of malnutrition, and so on, led to the deci- 
sion to obtain the monkeys in their indigenous 
habitat where a physical examination could be 
made on the spot and the transportation of the 
animals could have the technical supervision of a 
veterinarian. Therefore, one of us (B. D. F.) pro- 
ceeded to New Delhi, India, during June 1953 
and entered into negotiation with a commercial 
animal-trapping firm for obtaining 440 M. mulatta 
monkeys. This was repeated in September 1954, 
this time for 500 additional monkeys. 

Rhesus monkeys are found throughout India, 
but they are most common in northern India where 
they cause considerable damage to crops and prove 
to be a general nuisance. The monkeys obtained 
for the Laboratory were caught in Uttar Pradash, 
approximately 450 mi west of Dehli. 

The Government of India enforces a closed sea- 
son on monkeys from | April through 31 August, 
although the reasons given locally for this embargo 
are conflicting and ambiguous. Export for research 
purposes only is permitted during this period, and 
then only on presentation of proof of the purpose 
for which the monkeys will be used. During the 
open monkey season exports are permitted for zoo- 
logical gardens, circuses, and so forth, as well as 
for research, and then no proof of their eventual 
purpose 1S necessary. 

The men employed by the commercial trapping 
firm are Mohammedans. Because the Hindu re- 
ligion holds the monkey in veneration, Hindus 
will not assist in catching them; quite often the 
Hindu inhabitants of certain 
which the monkeys have to be transported object 


villages through 





to their removal and have, on occasion, © tacked 
the attendants and released the monkeys 
Trapping. All trapping was carried ou: in the 
jungle, well away from villages and ibited 
areas. It is our observation that monkeys ¢.ptured 
in nonpopulated areas have an extremely ow jp. 
althiey 
than those that have lived in close proxiinity to 


cidence of tuberculosis and are invariably 


man. This suggests the possibility that in India 
tuberculosis is indirectly contracted by monkeys 
from man. 

The actual method of trapping monkeys in larg 
numbers is a closely guarded commercial secret 
The monkeys’ reaction to the sight of members of 
their troop captured is nearly always marked and 
prompt. The free monkeys make every possible 
effort to effect the escape of their captured friends, 
often attacking personnel handling the monkey 
traps with vigor. Trapping was not repeated in the 
same area for a period of 3 mo, since one such ex- 
perience tends to make the animals wary. 

The newly captured monkeys were promptly 
transferred from the net traps to bamboo cages. 
These cages were then transported to a temporary 
jungle camp where the animals were sorted as to 
size, sex, and condition. When approximately 100 
suitable monkeys had been processed, they were 
shipped via bullock cart or station wagon to the 
nearest railroad station and immediately t 
ported, roughly 500 mi, to the permanent ba: 
camp of the trapping firm in New Delhi. 

The monkey transport cages utilized in t! 
movement from the jungle to New Delhi were con- 
structed of bamboo (see bottom left on this page 
and were approximately 6 by 3 by 2 ft. A wate 


vessel and two deep feeding pans were included in 


c 


each cage. Seven to 12 animals, depending on t! 
size of the monkeys, were transported in each « 





During the 2-to-3-day trip to New Delhi, the anv- 
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_ als were fed and watered twice daily. The feed departure from India. This prophylactic measur 

; nsisted of gram (an indigenous grain similar to was taken to minimize the incidence of diarrhe: 

m arley, the taste of which resembles dried peas), while the animals were in transit to San Antonio 

” ley, sweetpotato, carrot, and banana. ‘Texas. 

4 Health examination and testing. Tuberculin test- Transportation. Cages were constructed in New 

” of 500 male rhesus monkeys, weighing from Delhi for the air transportation of the monkeys 

_ 8 Ib, was accomplished at New Delhi by with special attention given to sanitation, feeding 

, sing 0.1 ml of a 1:10 dilution of Koch Old Type and prevention of corrosive damage to the aircraft 

Bt tuberculin injected intrapalpebrally. On the first by excreta (see bottom center on page opposite 

“s ocurement trip one positive and two suspicious Size of the cages was 18 by 18 by 36 in. (6.75 ft 
reactors to the tuberculin test occurred in the 500 with a slatted floor above a tin-plated metal tray 
monkeys tested. The tuberculin reactors were elim- A removable food and water compartment running 
nated and a careful physical examination was the length of each cage was also installed. Thesi 

| onducted on the remaining monkeys. Four hun- features reduced to a minimum the amount of ani- 


dred forty of these monkeys were selected for ship- mal excreta scattered on the floor of the plane 
ment to the USAF School of Aviation Medicine. and minimized the labor required to feed and 


For the 600 monkevs obtained on the second trip, water the monkeys and to clean their cages. Nin 


i 
\ 









the same procedure was followed. One positive and to 10 monkeys were shipped in each of the cages 


one suspicious tuberculin reactor were found, and _ (see top of this page 
irom the remaining animals 500 were chosen for The precautions taken while transporting the 
shipment. monkey shipments to the United States were as 


Oral terramycin, 125 mg per animal daily, was follows: (i) Altitude maintained by aircraft with 


administered on three consecutive days prior to nonpressurized, nonsoundproof cargo compartment 


26! 


1955 





was limited to not more than 3 hr at 10,000 ft, 
not more than 4 hr at 8500 ft, not more than 7 hr 
at 7000 ft, and not more than 15 hr at 4500 ft 
altitude. (ii) Monkeys were fed twice and watered 
three to four times during a 24-hr period (see 
photo lower right on page 260). Gram and barley 
that had been soaked in water 4 hr were fed to the 
animals. (ili) Ventilation was limited to good cir- 
culation of air without direct drafts on the mon- 
The temperature of the cargo area was 
maintained at between 65° and 80° F, and sudden 
changes in temperature greater than 30° F 
Agitation of the monkeys while in 


keys. (iv) 


were 
avoided. (v) 
transit was kept at a minimum; for example, no 
teasing by personnel was allowed. (vi) The mon- 


keys’ cages were cleaned once every 24 hr. 


Three animals died in transit from In 
United States owing to heat exhaustio) 
sulted when an engine failure forced the | 
grounded for 3 days in the intense heat 
Arabia. On the second trip one anima 
transit from undetermined causes. 

The loss of animals in the first air 
amounted to 0.7 percent, that in the sec 
ment amounted to 0.2 percent, as comp: r 
a loss of 6 to 40 percent in shipments via boa; 
reported by Carpenter [Science 92, 284 (1940 

BENJAMIN D. Fremyy 
RICHARD E, Benso 
Rosert J. Youn 
* Ve te rinary S¢ le neces Division, USAF AY hoo 


Randolph Field, Texa 


Aviation Medicine, 
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BOOK REVIEWS 


The North American Prairie. John E. Weaver. Johnsen, 
Lincoln, Nebr., 1954. xi + 384 pp. Illus. $5. 


HE department of botany at the University of 

Nebraska shares with its sister department at the 
University of Chicago the honor of launching plant 
ecology in the Western Hemisphere. John E. Weaver, 
professor emeritus of that subject at Nebraska, in a 
beautifully printed and illustrated book, now sums up 
the results of a lifetime spent in studying the prairie. 
Such an event happens too infrequently in science. It 
is all the more noteworthy in this instance because the 
work of Weaver and his students has profound impli- 
cations for the economic and esthetic welfare of a 
great continent. 

A vast portion of the interior of North America had, 
as its The more 
humid easterly portion of this grassland was prairie, 
variously known as true prairie or tall-grass country 
Actually it contained many 
grasses, notably legumes, that accounted for the high 


natural vegetation, the grassland. 


species that were not 
nitrogen content and consequent fertility of its soils. 
The dark humus horizon in these soils, from 3 to 5 ft 
deep, expressed the interaction of masses of fibrous 
roots, microorganisms, and burrowing animals and a 
climate in which rainfall and evaporation were nicely 
balanced, despite the dryness of late summer and the 
occasional recurrence of severe drouths. To these 
vicissitudes, however, the rich community of species 
was adapted by a process of natural selection that has 
been under way since the Tertiary. 

No matter what the season, this resilient 


tem produced organic material to sustain itself and the 


living sys- 
animal life dependent upon it. Unhappily, it has not 
been able to defend itself against the final hazard of 
modern man, although potentially it was his friend. Its 
fertile and friable soils have become his granary. Where 


he has cherished the native vegetation with anything 


262 


like reasonable care, it still affords prime pastur 
his livestock. During the drouth of the 1930's. I ky 
of several districts in which the only available for 
for cattle was the hay and grazing from prairie t! 
by some miracle, had escaped the plow. One of 
features of this book is the lucid demonstration of ¢! 
direct utility of the native prairie and of its superiori 
to the degraded secondary vegetation that replaces 
under undue grazing pressure. 

Weaver begins with descriptions of the grasses and 
other herbs of lowland and upland prairie. Thes 
mildly technical but readable accounts of th 
important plants, and they are illustrated with super 
plant portraits. Fewer than a dozen major grasses ai 
prail 
bluestems, big 


involved out of nearly 300 species in the typical 
chief of f 
little. A knowledge of these grasses and their behav 
is as essential to the stockman as a knowledge of tr 


flora, and these are the 


is to the forester. 
The author then introduces us to an invisible em) 
the underground domain of infinitely varied 1 
systems and hidden stems that anchor, supply w 
and minerals, store food bind th 
into firm sod. This is the difficult and muscular 


reserves, and 
of botany in which, through 40 years, Weaver a1 
students have done some of their most notable w 
Later in the book, in a striking set of Dictures, W 
shown how the progressive enfeeblement of a pra 
under abuse is reflected in the diminished vigor 
root systems, 

There are two absorbing chapters dealing with 
might be called “the prairie at work.” Here w 
of its dynamic stability, its changing aspects tl 
the year, its response to environment, and its e1 
cycle of growth, reproduction, decay, and renewa 

The final portion of the book, six of its 16 cha 
tells of the prairie under attack. There is a_ brik 
count of early descriptions of the prairie and of | 
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nt, and then firsthand descriptions of 


nts from the Dakotas to Texas and from 
ral Nebraska. After this, in an account 
tic contrast is heightened by the matter-of- 
tv of its telling, the effects of 


two great 


saster—drouth and modern man—are set 


1930's on, Weaver has recorded ‘carefully” 
e of the changes that 
drouth and its passing. To this assault 


his favorite words 


he prairie responds, not by giving up the 

by a change of composition, mobilizing its 

drouth-enduring species to take over during 

ncy. When that is past, the usual dominants 

k and gradually resume control. 

so-called “‘civilized man,” however, it has no 
nse. To his fires it responds mainly by reduc- 
vield, for fires, like drouth, have 


its adventurous past. His domestic animals, on 


been usual 
r hand, unless managed with rare finesse, bring 
tion and his plow brings extermination. These 
are described in clinical detail, and yet even 
learn how, if given a chance, the prairie will 

itself back from the edge of destruction. 
mere announcement of this book will insure its 
ad by ecologists and those interested in range 
ment. It deserves wider reading, however, and 
intended. The amateur naturalist who has a 
glimpse of the pictures will assuredly get on into the 
text, which is clear and direct. Others who are con- 
erned about man’s relationship to the natural world 
f which he is a part may have to stretch their vocabu- 
aries a bit here and there (anthesis means flowering. 
r example, and a forb means an herb that is not a 
rass). But we do have dictionaries, and it is a poor 
soul indeed who is afraid of an occasional new word. 
\ll who love the prairie owe thanks to Weaver for 

this book, 

Pau B. Sears 


ervation Program, Yale Universit) 


History. Marie Collins 
Philosophical Library, New York, 1954, x + 257 pp. 
nae 


) 


Judgment of Swabey. 


HE 


types: 


into three 
and “philo- 


the 


author divides written history 


“common sense,” “scientific,” 


al.” Common-sense_ history is described as 
type which is more narrative, more concerned 
“without a 
ear-cut enveloping frame” (p. 29) to link it together. 


ibbon’s Roman Empire and Macaulay’s England are 


temporal sequence and persons, and 


{ 


Xamples that are analyzed. 
Scientific history 


is depicted as the analytic type 
yritten more often in the last half of the 19th century 
i the first four decades of the 20th century. Buckle’s 
nd, Henry Adams’ Education, and Beard’s 
»mic Interpretation of the Constitution are each 
ssed at length to illustrate the influence of 


in and other natural scientists 


great 
on the writing of 
rv. Although such influences as greater objectivity 


1955 


and more critical use of documents are mentioned, the 


author emphasizes others: claims of ability to predict 
with scientific accuracy; claims of biologic parallels in 
history; and the purported pattern of survival of the 
fittest as given by communist, fascist, and imperialist 
One that the 


Hegelian dialectic Darwinism 


historians. conclusion reads “dynami 


blend of 
vided the greatest ideological threat of our 
180 






and has pro- 
time” p 
I am of the opinion that the author has not done 
justice to the many histories which, although written 
“under scientific influence,” have none of the character- 
istics emphasized. The conclusion is that history written 
in “purely existential terms, presenting man as wholly 


a part and product of nature” (p. 253) is unsound and 
that mankind has now turned back to a conception of 
a universal law of reason. 

Philosophic history, which is preferred, recognizes 
that the influence of ideas is fundamental, “permeating 
cultures, religions, 


p. 174). The illus 


trations of this type of history which grasps “a larger 


men’s thoughts, constitutions, arts, 


and driving them forward. . . 


meaning, a fullness, a grandeur of things” (p. 184) are 
the works of Parkman and of Whitehead, 
the latter’s Adventures of Ideas. 

written and thought-provoking, 


particularly 
This is a carefully 
though repetitious, volume, written by a professor of 
philosophy. It will arouse controversy among historians 
and also will be of interest to natural scientists with a 
bent for history or philosophy 

Danie. H. THomas 
Department of History and Political Science, 
Rhode Island 


University of 


The Story of Man. From the first human to primitive 
culture and beyond. Carleton S. Coon. Knopf, New 
York, 1954. xii + 437 pp. Illus. + plates. $6.75 

MONG 


known 


well 
the 


anthropologists Carleton Coon is 


for the diversity of his activities, 
encv¢ lopedi sweep of his interests and knowledge. his 
adventurous and unconventional mind, and his ability 
jargon and with 


with an absence of 


This book brilliantly reflects all these qualities 


to write cleanly, 
stvle. 

It is unfortunate that in thei advertising the pub 
lishers refer to Gods, Graves, and Scholars and to Mar 
Time and Fossils. For, aside from the fact that all three 
books are written primarily for the public, The Story of 
Vian has nothing in common with the other two, which 
merely recount the high points in the work of pioneers 
cultural and biological evolution. ¢ 


in the study of oon 


is a major anthropologist, with firsthand contributions 
in physical anthropology, archeology, ethnology, and 
to his credit; and The Stor) 


fields as he 


theory of Man is his syn 


thesis of these appraises man’s biological 
and cultural history to the present day 

His major theme concerns the relationship between 
the 


complexity, 


man’s increasing use of energy and resulting de 


velopment of his cultural including its 


transformation into social structure. Since he does not 


reduce this equation to formula, his points are well 


made and convincing. The human storv thus falls into 








three major phases with a fourth one just beginning. 
The first saw the emergence of man as man; the second 


witnessed the development of techniques by which, as 
a hunter, man could and did spread over most of the 
world; the third watched him produce his own food 
and perfect technical processes which brought the rapid 


changes leading to the present situation of wide cul- 
tural diversity; and the fourth stage, just starting, for 
the sake of human survival now requires that cultural 
unification be achieved. 

Although the shortest in elapsed time, the third 
phase is the best documented, the most complex, and 
accordingly receives the most extended treatment. Coon 
divides it into eight ages, the Neolithic, Bronze, Iron, 
Gunpowder, Coke, Oil, Hydroelectric, and First Atomic, 
which correspond roughly to the stages of the Paleolithic 
and Mesolithic. 
and of Neolithic patterns of human relationships that 


He is acutely conscious of cultural lag 


survive in industrialized societies. 


the transition will be made in 
Europe, India, and China. Neolithic 
much more than a subject of inquiry by prehis- 
torians. Moving the world’s 
difficult problem. 


One wonders how 
culture is 


out of it may be most 


No one will agree with everything that Coon says, 
for he deals boldly with many controversial matters. 
However, I regard my own criticisms and disagreements 
as minor. The Story of Man is a fresh and unhackneyed 
view of human history and a penetrating commentary 
on man’s present situation. In looking over the par- 
ticularly trenchant passages I had marked for possible 
quotation, I discovered that they take up a good share 
of the volume. In a brief review such as this I cannot 
possibly communicate what is in this book; I can only 
tell you to read it. 

Ropert W. Enricit 
Department of Sociology-Anthropology, 


Brookh i Coll U¢ 


Indian Corn in Old America. Paul Weatherwax. Mac- 
New York, Illus. 4 


millan, 1954, ix + 253 pp. plates. 


$7.50. 
10 years before the appearance 


Paul 


maize 


LMOST exactly 
of this 
Weatherwax 
plant and its relatives. Then, as now, he 


interesting volume, 
the 


beautiful and 


began his technical studies of 


was richly 
endowed with common sense and a rare ability to go 
undisturbed by the 


to him 


about his own concerns, 


fads of the 


maize is a 


quietly 


scientific moment, It was evident 
that 


grass; that until we understand the simple facts about 


studied 


since grass, it must be as a 
the morphology of maize and its relatives we shall not 
have the proper basis for other kinds of research. He 
proceeded with a series of sound technical studies on 
maize inflorescences, studies that were only tardily rec- 
ognized by most American students of maize, although 
immediately appreciated by the world’s 


they were 


leading agrostologists. 


The present volume mentions these ear] 
studies only in passing. It is largely concern 
role that maize played in the life of pri 


America. It is in Weatherwax’s own word 


endeavor to reconstruct a picture ol 
plant and the system of agriculture and | 
arts based on it as they existed in ancient 
with some consideration of the part that c 
in the everyday life, the thinking, and tl 
expression of the peoples of this hemisph« 
Columbus came. 

To sharpen the focus we shall deal la 
the American agricultural scene as it appear 
sixteenth century—with a picture of what 
Spanish explorers saw or might have seen if th 
made a rapid journey over this vast and ex 
after it 
proper setting, it is necessary to go back a | 


country soon was discovered. To 

in time and inquire into the botanical origi: 
plant and the ways in which the Indians | 
dealing with it previous to 1492, and equally 
tant that we take a brief look forward to 

duction into Europe and the beginnings of it 
born western civilizat 


lation into the newly 


The resulting volume is an attractive book 
size and shape of an old-fashioned geography 
It opens nicely in the hand and displays eff 
75 plates, most of them full page and three of 


color. There are footnotes for every import 


ence, a bibliography of cited works, and 
index. 

It is hones 
standable sort of professorial prose. Such tec! 


written throughout in a good, 


as chromosomes are mentioned only when 
really pertinent to the discussion and even 
skipped over lightly. My own voluminous writ 
those of my students are pretty much ignored 
with other studies published in the last decad 
sionally even when they bear directly on the 
issue. Most of these omissions are quite as they 
be. Although the papers of Alava, Lenz, and Ni 
for instance, are concerned with matters upo 
Weatherwax is one of the world’s few authorities 
technical details would be as out of place in 
Weatherwax’s own. studies 
For the few 
Wellhausen 
Mexican 


Caribbi 


volume as most of 
field, which are likewise omitted. 
logically might have been included 
the Races of 

treatise on the Maize of the 
Isabel Kelly of the popcor! 
sweet corns that she discovered in Mexico), thos 
know Weatherwax will have a likely explanation 
much too well-integrated an individual to be a! 


nificent memoir on 
Brown's 
with 


own studies 


by pique; it is rather that a scholar sturdily indep 
enough to go his own way for nearly three decad 
quite naturally be a little slow to seize upon th 
tributions of other minds when they at length } 
the quest which for so long was virtually his al 

EpGar ANDI 


Missouri Botanical Garden, St. Louis, and 
Henry Shaw School of Botany, Washineton Uni 
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ms in Petroleum Geology. L. W. LeRoy 
\V. Low. Harper, New York, 1954. ix 
plates. Paper, $4.50. 





S 





ellent manual is designed for the training 
petroleum 





inced college students in 
snizing the need for careful and thorough 






ology students in the fundamentals of the 






[| as in the many and varied graphic tech- 
yed by the petroleum industry, the authors 






ed a manual that provides training in the 





asic problems by graphic methods. 





P| ne includes a general discussion of graphi: 
da short chapter on drafting materials and 
but the major portion of the book consists 
ems to be solved by the student. Many of 







is have several parts. The questions which 





each problem are designed to call the at- 





f he student to the specific geologic interpre- 
can be made from the drawings he_pre- 







\s vested by the authors, it may be found that 





may be used in several 





arts of the manual 
iuse some of the problems are more difficult 
deal with 


are 






rs and because some primarily 





with 





ecology while others concerned 





iv or sedimentation. 





Travis J. PARKER 





of Geology, 
1! and Mechanical ( olle ge of 





Te vas 







tion to Vertebrate Embryology. Waldo Shum- 
ind F. B. Adamstone. Wiley, New York; Chap- 
& Hall, 1954. x+389 pp. 


| Sb 






London, ed. 5. 






{ | Lory Manual of Verte brate Embryology. F. B 
\damstone and Waldo Shumway. Wiley, New York, 
98 pp. Illus. $2.50. 





ed. 3, 1954. vi 






corrections this 


OME characterize 
w edition of a familiar There 

ly nor rearrangements in the organization, and few 
in the illustrations. The primary effect of the 

has’ been to the The 


pier on experimental embryology, not very much 


additions and 





textbook. are 







modernize contents. 







inged since the last edition (1942), is now promoted 
nd as chapter 10 (out of 22) from its former 
as chapter 17 (out of 19). Since the authors 





ve incorporated many of the data of experimental 
logy into the body of the textbook, where they 


eriorm their only rightful function, that of elucidating 
rocesses of normal embryology, it is a pity that 








ie name of the chapter remains unchanged; it sug- 





dichotomy between “experimental” embryology 
ther” embryology which no longer in fact exists. 
\| some anachronisms still remain with respect. to 
lusion of new experimental material. The retain- 
rr instance, on the page facing Spratt’s newer 
liagram of the Lillie diagrams suggesting the formation 










of the primitive steak of the chick by concrescence may 





be well advised from the historical point of view, but 
it is of questionable pedagogic value with the text as 
it now stands: the “like” and “under- 
stand,” and therefore remember, the apparently simpler 
diagrams of Such objections, however, 
will probably seem trivial to all a handful of 


perimental embryologists. And this essentially sound and 
increased in 


students will 


concrescence. 


but eX- 


well-conceived textbook has been ereatly 


usefulness by being brought up to date 

In the Laborator, Manual fewer changes have been 
made. ‘The section on the frog has been altered slightly 
to bring it into conformity with that on the chick, and 
the sections on gastrulation and formation of the germ 
lavers in frog and _= chick, done in the 
previous edition, have been amplified and improved in 
The 
and is strongly 
junction with the same authors’ textbook, but also for 
T which 


already well 


this one. manual is an extremely serviceable one, 


recommended for use not only in con 


courses which (like mine) assign no textbook, « 
use those by other authors 
JANE OppreNHEIMER 
Department of B 1, Bryn Mawr College 
I fri a D vrs. Richard ot. Barbe Baker Creorgt Ron 


ald, Wheatlev-Oxford, England; British Book Centre, 


New York, rev. ed., 1954. 159 pp Plates. $3. 
HE author has had a distinguished caree! He is a 
veteran of World War I, a professional forester, a 
world traveler and lecturer, a former assistant con 
servator of forests in Kenva and Nigeria, and the 
founder of The Men of the Trees society and of the 


Forestry Association of Great Britain. Among the books 
he has written are the autobiographical J Planted T7 

Green Glory, The Men of the Trees, Trees 1 
Book of the Seasons. We has long been concerned with 
world deforestation and 
Franklin D. Roosevelt, when the latter was governor of 
New York, the idea that culminated in the formation of 


the Civilian Conservation Corps 


and 


is credited with having given 


{frica Drums first appeared in 1942. The outstand 
ing impression is that the author’s heart resides in 
\frica. He is the first and only white man to be in- 


1 secret ordet of blood brother- 


itiated into the Kiama, < 
Africans. His affection for, understand 


hood of native 
ing of, and interest in the aborigines of “the dark conti- 
nent’ form the connecting thread of the entire narra- 
tive, which is an entertaining and instructive potpourri 
and 


of geography, ethnology. anthropology, sociology. 


forestry. There is a moving description of his first con 
\frican lepers, until then wholly neglected, 
final chaulmoogra-oil 
trees for them. 


A few chapters deserve special mention. “Drums and 
native 


tact with 


and of his success in obtaining 


often weird) of com 


“Under 


tells the story 
‘Nigerian 
deal 


heroes” 


television” 


munication magic’ and the spell 
of ju-ju” with indigenous occult mysteries. In 


* African 


pathetic recognition and appreciation of African tradi 


the author pleads for a more sym 


























tions and legends, for an effort to preserve these in 
written form, and for less emphasis on replacing African 
with European culture. Some of these African legends 
are briefly retold. “The mighty bowmen” describes 
a forgotten race which Baker believes is descended 
from an early African aristocracy. He has much to say 
of native customs and the love of dancing; the latter 
he put to practical purpose by instituting “The dance 
of the trees,’ wherewith native interest in afforestation 
was aroused. 

Scattered throughout are items of interest to the 
professional forester—the introduction of the African 
juniper (Juniperus procera) into the pencil trade; 
management of the so-called “mahogany” forests; and 
the importance of natural areas in understanding the 
basic principles whereby a managed forest should be 


operated. The author is a skilled narrator and projects 


a warm personality through the black-and-white char- 
acters of the printed page. The 48 halftones from his 
photographs are excellent. 

Wintttam A. Dayton 
Forest Service, U.S. Department of Agriculture 


Back of History. The story of our own origins. William 
Howells. Doubleday, Garden City, N.Y., 1954. 384 
pp. Illus. $3.50. 


ILLIAM Howells has scored another hit. Here 

is his best work yet, a readable book of up-to- 
date factual anthropology, and with it a delightful and 
vivid account of man’s long struggle on this earth. 
Here, clearly set down, are the essentials of our human 
background (human biology coupled with sociocultural 
progress) that everyone should know. The same easy 
manner of deft expression which characterizes Howells’ 
other books Mankind So Far and The Heathens, will 
prove Back of History to be even more popular. 

It is conveniently divided into six chapters followed 
by an appropriate and interesting epilogue, the author's 
note, and a good index. 

Howells spins a remarkably apt story--informative, 
delightful, and different. Its world-wide scope is more 
comprehensive than either V. Gordon Childe’s What 
Happened in History or Man Makes Himself. Eye- 
catching, appropriate, and easily remembered phrases 
in typical “Howellese” (such as “the Pleistocene back- 
drop,” the Piltdown prank,” “the Mesolithic masters of 
the hunt,” “the first food growers,’ “the Neolithic,” 
“the last living hunters”) bring a fresh lively touch to 
this book. 

The neat attractive format interrupted by few foot- 
notes is appropriately punctuated with new, effective 
line drawings of flint tools, fossil skulls, pelvic bones, 
pots, buildings, early writing forms, and various maps 
showing the distribution of culture areas, migration 
routes, and racial groups. 

After a fascinating account of various primate so- 
cieties, Howells clarifies our own evolution, “For the 
story of man is a nature study,” and sets us traveling on 
his tour in the wide realm of the world’s peoples and 
their culture. It is significant, too, that his remarks on 


2bb 


stone tools precede those on early men. It is 
evolution alone that so separates mankin« 
other creatures; it is what he makes and 
does! 

Perhaps this part (p. 44) will show the 
approach of Howells: 


We can hardly understand human social 

until we see that our basic social institut 
imposed over a powerful set of natural inc] 
derived through our biological evolution t 
the very way we act. The other Primates hay 
us what these inclinations are: The need of 
uals to be in a society and to establish sec) 


cific and complex relationships with one 


Howells has written a popular book, well 
only for fellow social scientists and other stu 
humanity but particularly for the lay reader. Ind 
most people should find this an excellent guide t 
a truer understanding of and an appreciation for 
world’s people. For some, the glib fundamental 
may be too elementary, too general. Howells rev 
this responsibility and states his position thus 


I believe the ideas I have set forth are generally 
the center of gravity of my colleagues’ present op 


10Nn. 


Believe me, most of his colleagues will vet 
and all anthropology majors should find it 
worthwhile guide. 

CHARLES | 
Department of Anthropology, University of Kent 


General College Chemistry. M. Cannon Sneed, J. | 
Maynard, and Robert C. Brasted. Van Nost: 
New York, ed. 2, 1954. vi+ 693 pp. Illus. $6 


HIS new edition is a thorough revision, part 

larly of the material on atomic structure, nu 
reactions, and industrial chemistry. Material on org 
chemistry has been added that will be of part 
interest to those who intend to major in bacterio 
home economics, nursing, medical technology 
other related fields. The new edition uses the syst 
of nomenclature recommended by the Committe: 
the Internation Union of Chemistry for the Ret 
of Inorganic Chemical Nomenclature. The authors ; 
to be congratulated for achieving these changes 
fewer pages of the new edition. 

Atomic structure is developed in the second chap! 
via radioactivity, spectroscopy, and elementary qu 
theory to the s, p, d, f orbitals of the principal quant 
levels. The introduction to the concept of valence: 
beautifully done in clear, concise language. ‘The tre: 
ment of ionic equilibria and electrochemistry is esp 
cially noteworthy. Although the treatment of fund: 
mental theory is modern and thorough, the descript 
chemistry of the elements is in no sense slighte: 
short, the new edition is a well-balanced textbook 
can be highly recommended. 

Joun A. 


Department of Chemistry, Simmons College 
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if College Mathematics. John C. Brixey 
1 V. Andree. Holt, New York, 1954. xiv 
a Illus. $5.90. 








mathematics. It presents topics from 
nometry, statistics, plane and solid analytic 
d the calculus with a happy combination 
interesting 


HIS <tbook is designed for a first-year course 
{ 







written, readable text and 






eth it, the authors endeavor to develop the 


derstanding of concepts that are necessary 








lvanced work in mathematics and related 


example, they emphasize the analytic 
the solution of tri 







po! 





vonometry rather than 


are well aware of the difficulties that new 





| \ 
ften puts in the way of the understanding of 





ept and they recognize the value of present 





ect in such a way that foundations are prop 
for further work in that subject. As cases in 







is made familiar well in 





he summation notion 






of the chapter on_ statistics; special devices 
the third 


Ivancee 






order are 





determinants of 





f e\ lating 





lhe book is adaptable for various types of courses, 





and statistics or in 






uurses in college algebra 
Bodern trigonometry, a course in analytic geometry 
Bvith or without solid analytic geometry, a two-semester 





covering the major portion of the text, or, to 





quote the authors, “terminal courses providing mathe- 





or general) education.” 










matical background for liberal 
Nhe final chapter enriches the book by dealing with 
elected topics from more advanced mathematics. 
numerous illustrative examples and problems 
well selected. Occasionally the intrinsic value of 
latter is marred by a studied cleverness of presenta- 
ton. In the rather fully outlined solutions of many of 





odd-numbered problems and in the wide margin 





each page the book presents two unusual features, 





tentialities for good or ill use. 
Ihe authors have added to the textbooks on intro 






which 





college mathematics a contribution 





favorably reflects their own classroom experience and 





should prove of genuine worth in the classrooms of 





HELEN G. Russet 
meni of Mathematics, Wellesley Colles 












neral Chemistry. Edwin C. Markham and Sherman 
i. Smith. Houghton Mifflin, 1954. x 613 
pp. Illus. $6. 


Joston. 








HIS textbook presents a veritable “smorgasbord” 

of chemical principles and facts, arranged so as 

make selection easy and convenient. Its two-column 

lormat and the unusually large number of interesting 

gs and photographs make it attractive. A good 
of references for additional reading is included. 


lhe order of topics will appeal to teachers who pre- 


cir students to study the essential ideas concerning 





the structure of atoms and molecules before taking up 


the conventional descriptive material. “Water” is dis- 


cussed in Chapter 19, “Oxygen” in Chapter 21, and 
“Hydrogen” in the middle chapter of the book. 
There are several errors besides the 37 listed on a 


supplementary sheet. Some are typographical errors 
p. 00: “Fluorine was first prepared in 1806” 


some result from lapses in the authors’ attempt to show 


1 


the charges for all electrovalent compounds (p. 45 
“BattO,~- + HSO, > BaSO, | + H,O,”), but 


represent misunderstandings. | 


SOTHE 


genuine disagree with 


such statements as “on passing through the electrical 

held ions bearing single charges emerge ... ata 

nearly constant speed” (p. 112) and “nitric oxide 

is dissolved in rain and carried to the earth” (p. 28) 
Most of the mental food in this textbook is so 


thoroughly chewed and predigested that the student is 


Many of 


rarely required to do any original thinking 
the chapters can be 


at the ends ot 


direct 


the questions 


answered by a quotation from the textbook 


Verbalism. 


thoue 


rather than the development of scientift 


habits of ht, is encouraged by questions such as 


List 


abundanes In the atmosphere 


t gases in the order of their decreasing 


the in 
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The Ka hina and t } the In 


white 


\ study of 
Hopi Kachina cu 
Institute of Sei 


Var 
the 


White 


on 


¢ 


Huences of culture 


Frederick J 
Bloomfield 


plate s $5 


Cranbrook 


Mich.. 1954 


Dox kstadet 


Hills, 


XIV 185 pp 


ence, 


Illus 
HI 


personators in 


Kachina mM 
Ind ans 


three 


dances of the masked 
the villages ot the Hopi 


for 


beautv. of 


colorful 
intrigued American visitors 
The 
elaborate 
performance of the 
half of 


Oneness 


of Arizona have 


quarters of a century mvsth exoth 


costuming, combined with religious svmbol 


ism in the dramatic manv dances 


that occur during the winter the vear, give ex 


pression to the Hopi’s sense of with the spirit 


with the Hopis and then de 


But 


beings who once lived 


parted for the underworld the Kachinas, though 


departed, are still the benign well-wishers who return 
annually through the masked figures of the Hopis them 
selves to bring happiness and prosperity to the desert 


Villages 
Pusavan, the Hopi 


rituals and 


The eariiest Spanish visitors to 


country, paid little attention to the pagan 
left only the slightest mention of the masked dances 
Extensive archeological work in the Southwest has 


recovered no prehistoric Kachina masks. Hence, th 
view spread among ethnologists that the Kachina cult 
is a post-Spanish innovation stimulated by the Mexican 
matachina dances of Spanish origin 

Dockstader Ss 
He marshals arguments both negative 


strongly entrenched in the opposin: 


and _ posi 


camp 
tive to demonstrate that the Kachina cult is indigenous 
who is not a Southwestert 


to the Pueblos. The reader 


specialist is not likely to get very concerned with the 





outcome of the issue, but he will enjoy Dockstader’s 
book. The opening chapters on the Hopi world and the 
Kachina cult are written with fine empathic feeling and 
understanding in_ stylistically excellent prose — that 
matches the striking color representations of Kachina 
costumery drawn and painted by the author himself. 
\lthough the literary interest of the book sags as the 
author presents the technical details of artifactual evi- 
dence bearing on the question of the origin of the cult, 
its compelling quality is recaptured as he moves on 
into the social history of Hopi vicissitudes with conquis- 
tadores and padres, their period of relative freedom 
from interference (1700-1875), and into the intolerant 
and foolish era of American suppression of Indian 
rights of cultural freedom (1875-1935). The effects of 
a good deal of acculturation are skillfully compressed 
into a relatively small number of pages. 

Phe craftsmanship that has gone into the production 
of The Kachina and the White Man matches the effec- 
tiveness with which the author has treated his subject. 
The result is altogether pleasing; it will give satisfac- 
tion to anyone interested in comparative religion and 
ceremonial drama, in culture history, or, more specifi- 
cally, in Hopi Indians, 


ADAMSON HOoeEBE! 
versity of Minne sola 


Proceedings of the Seventh International Botanical 
Congress. Held in Stockholm, 12—20 July 1950. Hugo 
Osvald and Ewert Aberg, Eds. Almqvist & Wiksell, 
Stockholm; Chronica Botanica, Waltham, Mass., 899 
pp. Plates. $17.35. 


HIS large volume, well printed in double-column 
format, is a complete account of all the proceed- 
ings of the Seventh International Botanical Congress. 


Excellent abstracts of most of the papers presented 


before the sections, as well as discussions of each, are 
included, The sections were “Agronomic botany,” “Cy- 
tology,’ “Experimental ecology,” “Experimental tax- 
onomy, “Forest botany,” “Genetics,” “Morphology 
and anatomy,” “Mycology and bacteriology,” *Paleo- 
botany,” “Phytogeography,” “Phytopathology,” “Plant 
physiology,” and “Taxonomy.” Discussions of | pro- 
posals for modification of the Rules cf Botanical 
Nomenclature, presented to the Section on Nomen- 
clature, are given in detail, and also the result of the 
vote on each proposal. Four supplements to the pro- 
ceedings of the Section on Nomenclature include re- 
ports of special committees on the type method, 
nomenclature of cultivated plants, —paleobotanical 
nomenclature, and nomenclature of fungi. The several 
excursions, before, during, and after the congress, are 
described, and the participants listed. Some of the 
interesting events of the congress are illustrated by 20 
fine plates. The chief editor, Hugo Osvald, and _ his 
committee are to be congratulated for preparing such 
an adequate and interesting account of the congress. 

Jason R. SwaLien 
Smithsonian Institution 
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History of American Industrial Science. Co 


ert Hall. Library Pub., New York, 1954. x 


$4.95. 


F we go beyond the “good old days” t 


begini 


lings, we find few indications 


country was to become industrially. Ther 


hope in the scattered optimistic analyses of 


companies who planted the first colonies, ai 


struction 


in the conservative writings of | 


and ingenuous tinkerers who took time out 


ing to en 


assess the 


gage in simple home manufactu 
wealth around them. Yet, being 


this is where Hall begins his story of Ameri 


“Science” 
pages he ( 
revolution 
land, iron 


shoes, and 


is conspicuous by its absence. \W 
overs the Revolutionary War, th 
and the beginnings of textiles in 
goods in Pennsylvania, and ck 
firearms at sundry locations. 


The industrial state really began, he says 


Civil War. 
of railroad 
and early 

bare menti 
tritium, the 


From there he carries us through 1 
ing, carbon electric bulbs, biplan« 


jet planes to the Atomic Age. He 


on of such things as double-weight 


» hydrogen bomb, the first atomic 


and commercial use of atomic energy. His 


cy eCplec c fc 


with its forecast of tremendous drains on ou 


terials and 


xr viewing the future is the Paley 


a half-trillton-dollar economy by 


Hall says 


Much of the material which would inform 
industrial development is garbed in a form wl 
clear only to the technically trained specialis 


An air of 
and labo 
industrial 


His one 


is to help 
for conti 
tem 

can unde 


He bulks 


mental scie 


mystery seems to pervade the great fa 
ratorics in which the miracles of 
science are performed. 


purpose in this book 


make the general public aware of th 
nued improvement of our industi 
and to tell the story in terms most 
rstand 


together as “industrial science” a 


nee, applied science, research, eng 


invention, and fortunate accidents that had soi 


in the progress of American business. He seems 


missed enti 
about 1820 


soming int 


ely the importance of the vital per 
to 1850 when natural philosophy w 
» natural science and when mani 


thinkers were organizing academies and _ scienti! 


cieties! At 
SC hools wel 
ciplines wer 
Lacking 
are Americi 
an astonishi 
contribution 
Only a few 
ratories are 
of the Ame 


the same time, technical ard engi 
e being founded and new scienti! 
e rising. 

new lands to exploit, industrial si 
Vs primary sources of new wealth 

ng gap is the book’s failure to recog! 
s of company-sponsored scientific pr 
of the independent industrial researc! 
mentioned, and there is no discussion 
‘rican patent system, the National | 


of Standards, nor the photographic industry. 


Howeve c 


the book is a start toward provi 
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on American business history and 


nce 


attention on scientific planning and re- 


iS 


ive the omissions of a pioneer who is work- 
» alone along a new trail, but more will be 
future efforts to write a comprehensive 
\merican industrial science. Meanwhile, this 

vive the youthful student hasty glimpses 
innings of many products and many busi- 
Il provide the casual reader with irrefutable 
t science is an important avenue to better 


al 
wre jobs, and added opportunities for happi- 


L.. &sUY SUITS 


frie Research Laborator\ 


phy and Em pirical Equations. Lee H. John- 
Vilev. New York, 1952. ix+150 pp. Illus. 


93.75. 


S work of Lee Johnson performs a useful service 
acing before the technical public a clear and 
explanation of the theory and construction of 


phic charts. These alignment charts for the 


f various algebraic equations are familiar to 


ntists and engineers, but the simple methods 


wavs viewed the construction of a 
would consider the 


icting them are by no means as widely known. 
nomogram 
h the same way that one 
tion of a crossword puzzle—simple when a 
hed, but probably maddening to devise. John 
wever, brings forth lucidly that this is not th 
nomograms and 


he theoretical background of 
fic solutions possible for a variety of functional 
nships are fully and clearly described. 

s book makes a useful reference for the practical 
er or scientist; its main purpose, however, is a 


oudy. Purely as a reference, it seems somewhat 


hy, with the simple mathematical background ri 


nerhaps once too often. A tabular summary 


| have made this book more useful as a referenc: 
what the same criticism applies when it is con 
d as a textbook. As part of a wider course in, 
ngineering analysis, it would be useful, but ther 
ot seem to be enough substance around which a 
e course could be built. 
second half of this book which seems rather 
paired with the first half 
tion of empirical equations from = experimental 


is concerned with the 


Here again, it is valuable as an aid in solving 
lar cases, the tabular summary at the end of 
secuon being of particular utility. This part. is 
vhat more powerfully written than the first: sec 
ut makes rather heavy reading. With the aid of 
ok, the art of reducing experimental data to 
raic form can be transformed into a somewhat 
scientific process, and, as such, Johnson has per- 
d a practical service for the engineer and ex 


ntal scientist. 


K. Dexrer Minter, Jr. 


Jerse) 


e Line Road, Princeton, Neu 
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1953. xvi 


1901-1950 


York, 


Ps Whners i Phos 
Heathcote 
plates. $8.50 


Nobe l 
de V. 
$73 pp. Illus 

B ETWEEN 1901, the vear when Wilhelm Konrad 


Roéntgen received the first Nobel prize in physics, 


XN 
Schuman, New 


ind 1950, there were 53. other physicists recognized 


Niels Heathcote, lecturer in history and philosophy of 
science at the University of London, has presented an 
exposition of the principal facets of the work of each 
of these persons Here is a good place to find suitabl 
extracts from the original papers delivered by the sci 
entists themselves when each appeared to receive his 
award in Stockholm. Heathcote has 


man’s work with a brief biographical note and a sketch 


pretac ed Cae h 


of the relationship of the work to physics generally 
\ few restrained notes on the consequences of the work 
and on its importance in subsequent years are added 
In these respects, the book is of value as a reference 
Both the extracts and the comments are necessarily 
brief. 

Perhaps it is because of its brevity and the need to 
omit what might have seemed trivial to the author 
that the book falls short of conveying the full sense of 
the drama of scientific discovery. All 54 winners are 
accorded a factual, level treatment. With som excep 
book weak in what might be 
Without 


a writer with such rich subject matter 


calle d 


tions, I find the 


{ 


“interpretation.” descending to the level o 


science fiction, 
and personalities to draw upon could conceivably have 


book in which tl 


would be better 


made a more interesting book. a 


thrill of great discovery 


Vicarious 
conveved. 
RicHarp M. Surron 


Department of Physics, Haverford Colles 


War-Devastated Island 
Natural History Mu 


954. 383 pp Illus Paper, $5 


Ethnol fa 


Saipan: Th ‘ 
Spoehr 


Alexander Lf hicago 


seum, Chicago, 


HE Pacific islands taken over from Japan in World 
War II, now a United States 


have been the scene of one of the most spectacular and 


trust territory, 


collaborative research § that 


successful) experiments in 


Organized by the 
Science Board. it 


science can count to its credit. 


National Research Council's Pacific 


has involved the participation of many institutions and 


a wide range of scientific and applied research fields 
\lexander Spoehr, now director ot the B. P Bish p 
Museum in Honolulu, and formerly curator of oceani: 
ethnology at the Chicago Natural History Museum. has 
carried out two of the anthropological projects. “The 
Marshall 
community in the wake of the war, has become part of 
illage in the Vlarsh il 


reports 


first, an ethnological survey of a Islands 


the standard record (Majuro, a J 


Islands, 1949 


from a further field study conducted in the northern 


This new volume is one of the 


Marianas, and covers the ethnology of the present day 


“Chamorros” and of migrant Carolinian’” peoples 
| | 


resident on Saipan island. 


The devastating bombardment of the wat period was 







































































by no means the only traumatic experience undergone 
by the Saipanese. As Spoehr shows, the Spanish colonial 
regime had included forcible removal of the population 
to Guam for well 


over a century. Spain’s influence, 


along with extensive the 


Chamorros to near extinction, and the modern people 


the 


Hispanization, brought 


represent a mixture of survivors with diversified 
immigrant elements. Germany took over political con- 
trol in 1899, and from 1914 Japan made Saipan a focus 
for Japanese settlement and industry. With American 
occupation, the local people, numbering close to 5000, 
were held behind barbed wire in one consolidated set- 
tlement by military government authorities. Later, the 
Navy 
then the Department of the Interior, and now the Navy 


once 


assumed responsibility for civil administration, 


more. The Saipanese indeed had to be adaptable 
to survive. 

Spoehr’s major focus is on the contemporary cultural 
systems of the Chamorros and Carolinians, with close 
to half the work devoted to the analysis of kinship. 
Above all, it is a vital casebook on “cultural dynamics.” 
the Roman Catholic 
the 
uncertain have been 


He shows, on the one hand, how 
faith has taken 
West, and how 


the economic and political aspects of life, yet, on the 


hold along with much else from 


malleable even if 


other hand, how persistent are, for example, the 


Chamorro language, much of kinship, and many of the 
older beliefs and related practices. The volume is also 


a model of modern ethnological reporting: lucidly 


written, with excellent maps, diagrams, and photo- 


graphs, and a full bibliography 
Frenix M. KEESsING 


Department of Anthropology, Stanford University 


and Environment. A discourse on. social 
A. Gutkind. Philosophical Library, New 


xiii + 81 pp. $3.75. 


Community 
ecology. E. 
York, 1954. 

HE introduction the of this 


book: 


QIVES 


I have 


lines the main problems and 


pul pose 


In this essay tried to sketch in broad out- 
a few methods which 
taken 
framework of 


in my opinion should be into account in 


reference for socio- 
ecological studies. I have made no attempt to deal 
with the problems as such in anything like an appro- 
priate manner, for this would demand an almost 
encyclopaedic knowledge, 


working out a 


which no single person 


can ever hope to acquire. 


According to Gutkind, the term social ecolog, 


stresses interaction 


extending 


indivisibility of mian’s 
the 


narrow 


the 
with his environment 
the hitherto rathe 
studies to all these 


need fon 
field of 
factors which are 


and 
SOC iological 
connected in 


one way or the other with the habitat of man. 


Gutkind feels that the chief danger to modern so- 
ciety is the mechanization of life and the subordination 


of the individual to an impersonal social system that 


seems to accompany large-scale organizations, whether 
they are political, professional, or religious. His answer 


is that power must be decentralized by the creation of 


many small communities within which mer 
all their various social relationships to on 
a personal, neighborly sort of wav. He 


that “The 


stateless world is the highest 


suggests emergence of comn 
ideal which 
cern at the present.” 

\s a biologist, I was particularly interes 
the author had to say about possible cor 
animal ecology to the study of human | 
sociology; this topic was dealt with in a se 
Gutkind 
ceptions of animal ecology on a_ review 
lished in the 14th edition of the Encyclo: 
1929 ° He 


known 


four pages apparently relies { 


nica mentions various genera 
least, between 
but 


mention of any of the not inconsiderable wo 


well to zoologists at 


cleties and human societies, there is 
social behavior of animals in this country o1 
during the last 25 years. 

The ideas and opinions expressed in th 
with litt 


documentation of any supporting evidence, 


usually couched in general terms, 
can be taken by the reader for whatever they 
to him. 


N 
Biology Department, Illinois Colle ge 


The Rise and Fall of Maya Civilization, by ]. ki 
Thompson. Univ. of Oklahoma Press, Norman, 
xii + 287 


pp. Illus. + plates. $5. 


INCE planned experiments in social relations! 

are next to impossible, one needs reliable descri 
tions of societies that happen to have developed in t! 
past—especially now, when our own shows signs 
quite literally blowing itself up. Thompson’s new 
gives us an authoritative historical reconstruction of 1 
“most advanced” pre-Columbus culture of the An 


The Maya 


contemporary developments in) what 1s 


ican Indians. classic culture was -on 
several 
Mexico and Central America. ‘Thompson seeks to 
plain a specialized manifestation in context, not 
vacuum. The period of rise, florescence, and fall 

an estimated 500 B.c. to A.p. 1540, when the Spai 
conquered Yucatan. 

This is not the first good book on the ancient 4 
but if only one is to be read, I think this on 
“best.” It is meant for thinking people in 
Large masses of facts are merely summarized, 
been selected for their bearing on the subject 
title. Emphasis is on interpretations anc on findin 
nificances, not on proving the facts. Descriptions 
vivid, and Chapter V fiction. Ther 
“Sv 


there 


is historical 
index, a 
but 

illustrat! 


many subheads as well as an 
Maya history,” 


The 


good and well chosen. Specially 


and a reading list, 


footnotes. format is attractive; 


drawn deco! 
subtly condition the reader in the field of ancie: 
as revealed in ancient Maya art. 

Much of the factual basis is the product of 


ology, a discipline that turns out quantities of 
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ecialists. Some may wonder if this is 
[his book, which is not dull reading, 


} 


10they 
st heen written without the large backlog 
‘ terature that is now available, and the 
outstanding contributor to this basi 
r many vears he has been a leader in 
historical research of Carnegie Institu- 
1tons \ neton, digging out ancient Maya “cities,” 
I 1\ irved stone monuments, the preconquest 
M | nanuscripts, and the postconquest Maya 
Ss learning from the modern descendants of 
I | : s of these things. No one else controls the 
B f evidence so thoroughly. 
ara Wit a background, Thompson is justified in 
mal ' eralizations and appraisals that go beyond 
spt d entering the realm of intangibles that are, 
done « l at one wants most to know about. Opinions 
Eur ir shared with other experts are labeled as 
ne may be sure they have been checked 
OK gainst available evidence. 
! In brief, he tests Toynbee’s theory of history and 
d tl ds it valid for the Maya. The differentiation of 
\ sic Mava culture involved the challenge of a hostile 
il forest to soil-loving peasants with Stone Age 
OLLIAs s, no draft animals, and no machines. Specific forms 
ulture were in accord with the traits of char- 
r of the people. This character, “with its emphasis 
moderation, discipline, cooperation, patience, and 
~ 2 nsideration for others, made possible outstanding 
hievements in the intellectual field.” Thompson does 
t sce these people as priest-ridden but rather as hav- 
ships g a feeling of participation when they labored on the 
eSCTI] reat ceremonial structures. Decline came with the 
in t ceptance of outside influences leading to seculariza- 
rns 1 and militarism, when 
" Religion had lost its predominant place in the 
Or t ulture: warfare introduced to bring man closer to 
\m his gods had become the master. The I*za (last free 
ne Maya group) had journeyed far through time and 
space to learn that the end never justifies the means, 
0 ¢ it is itself warped and shaped by them. 
LINTON SATTERTHWAITI 
fy y Museum, University of Pennsylvania 
an 
{a Mineral Nutrition of Fruit Crops. Deciduous and ever- 
sal green tree and small fruits. Norman F. Childers, Ed 
” Horticultural Publ., Rutgers Univ.. New Brunswick. 
= N.J., 1954. 907 pp. Illus. + plates. $10. 


HERE is no doubt that this book will be a valuable 
iddition to the reference libraries of research 
rkers, field agricultural specialists, growers, and stu- 


its in the agronomic and horticultural fields. A dis- 
hed group of horticulturalists and plant physi 


uists contributed the individual chapters, most of 
hich are devoted to reviews of the nutrition literature 
ecific fruit and nut trees and commercial berries. 
Nutrient requirements and deficiency symptoms are 
ressed for each specific crop, and a separate chapter, 
ng a useful table summarizing the data for 
tissues of each plant for normal and deficient 





condition, is included. A lengthy photographic section 
illustrating the various deficiency symptoms is an im 


portant feature. The photography is generally quit 


good, although it is a pity the plates could not have 


been in color 

Although the chapters on individual fruits have som 
what similar patterns of organization, marked diffe 
ences in degree of treatment of individual crops exist 
This is partly because of the greater volume of researcl 
effort that is expended on the more commercially val 
able fruits, but it also reflects a greater zeal on the 
part of some of the authors. In my opinion the chap 
ters on the peach and on citrus fruits are especially 
The book affords a convenient method for 


f research on different fruits and 


well done 
comparing the state o 
will be especially useful to research workers on_ the 
less-studied fruits in providing ideas for study. ‘The 
extensive lists of references will also be useful in this 
regard. 

Commendable chapters on leaf analysis, use of iso 
topic tracers, chelated metals, and experiment planning 
are included for the apparent purpose of stimulating 
interest in the use of these techniques among research 
workers. 

Peter C. DuiIsBperG 
Desert Products Company and 
Southwestern Irrigated Cotton Growers Association 


| 


The Physician and His Prac tice Joseph Garland. kid 
Little, Brown, Boston, 1954, xii +270 pp. $5 


OMPOSED of 19 chapters The Physician and 

His Practice is written by 18 authorities who have 
had the professional experience needed to give a clear, 
concise understanding of the numerous requirements 
of a physician in the private practice of medicine. Cog 
nizance is taken of the size of the community in which 
the practice is located and the difference of the typs 
of problems that thus arise. The authors elaborate on 
subjects that embrace the general practitioner and _ the 
specialist, explaining their obligations to the patients, 
the community, medical societies, and their own fami 
lies. 

In addition, the character and personality of th 
physician and that of his wife are emphasized, espe 
cially in relation to their leadership in the community 

Considerable discussion centers around the various 
Opportunities that are open to the young physician, 
dividing them broadly into medicine, surgery, and psy 
chiatry. The need of adequate training and the setting 
up of the various speciality boards are explained. Thi 
physician’s affiliation with hospitals and medical socie 
ties to help keep abreast of progress is stressed 

Of very special interest to the physician about t 


enter private practice today is the chapter on group 
practice (which is increasing rapidly It presents some 
of the assets and liabilities of such a practice and thus 
stimulates serious thought along this line 


There is also outlined the need of conducting th 


practice in a_ businesslike manner \ccentuation is 
























































placed on the way of rendering statements, purchasing 
equipment, and files that 


will enable the patient, as well as the physician, to know 


and maintaining records 


just what his bills cover. Suggested types of records 
are presented. 

In general, the young physician who has just com 
pleted his hospital training and is about to enter pri- 
vate practice will gain the most information from this 
treatise. Nevertheless, it will also serve as a useful ref- 
erence to the physician who has been following his 
profession for a number of years. He can refresh his 
memory to see 
Oath 


profession, Any 


whether he is keeping his Hippocrati 


and also getting the most satisfaction from his 
student who is contemplating the study 
of medicine may glean an insight into his future life 
and know whether he is suited for the profession before 
spending the time and money on a medical education 


“The 


main purpose of this book is to serve as a guide to the 


Thus, Means sums up the book when he writes: 


practice of medicine as it applies to the individual.” 
E. Herbert BAUERSFELD 
Department of Medicine, George Washington University 


Behavior. Timothy 


Psychology: The 


J. Gannon. Ginn, Boston 


Illus. $4.75. 


of Human 
London, 


Unit) 


1954, xii + 482 pp. 


HE 
clearly reflected in the differences in the content of 
textbooks. honest dif- 


ferences in conviction as well as in an effort to produce 


relative youth of psychology as a science is 


current introductory Because of 
a widely used textbook, authors vary widely with respect 
to such matters as (i) the amount of space devoted to 


the biological/physiological as compared with psycho- 


logical bases of behavior, (ii) the degree to which they 


emphasize philosophical (theoretical) orientation(s) in 


psychology, and (iii) the degree to which psychology 
is presented as a pure science or as an approach to 
the solution of practical problems, both individual and 
group. 

tightly 


textbook begins with a brief but 


written historical chapter designed to provide the stu- 


Gannon’s 


dent with orientation to the 


study of psychology, namely that of Aristotelian ra- 


a particular philosophic 


tionalism. The next chapter is devoted to the nervous 
system which is characterized as the “organ of integra- 
tion and adjustment.” Then follow three chapters on 
the sense organs and one on perception, and_ three 
chapters on “Responses” in which the author discusses 
reflexes, drives, and emotions. Roughly the last half of 
the book, entitled “Integration,” 
higher conscious processes, imagery and dreams, learn- 


includes chapters on 


ing, memory and attention, the measurement and_na- 


ture of intelligence, conscious control and lastly, a 
chapter entitled “Personality.” 

As compared with other recent introductory 
books, this 


emphasis on the nervous system and the sense organs, 


text- 


one is characterized by relatively more 
less emphasis on learning, the adjustment mechanisms, 
and the practical applications of psychology. Through- 


out, the author is generally critical of all dualistic, de- 


terministic, and psychoanalytic approa 
logical problems. In the last chapter, hi 
“the failure to maintain the importanc 
unifying principle of personality has cr 


In h 


affirming “the primacy of human inte] 


at the very center of psychology.” 


autonomy of human choice” can psych 


true “science of man.” 
For 


sophical orientation, this should be an 


instructors who share Gannon’s 
as a textbook. The writing is excepto! 
illustrations are superior, and physically 
tive volume. For readers who do not s!| 
this book 
effective statement of the position that 


E. | 
Department of Psychology, University 


orientation, constitutes a very 


The Pharmacologic Principles of Med 
John C. Krantz, Jr., and C. Jelleff Ca 
Wilkins, Baltimore, 118 
plates. pl2Z. 
N this. third 


pharmacology, the authors have suc 


1954. xxi 


edition of a well-know: 
pressing an enormous amount of material 
of ordinary size and reasonable cost. The 
up to date and reasonably adequate for 
mation, and the historical sketches are ex: 
Cart 
Laboratory of Pharmacology, School of M 


University of Pennsylvania 


Indians of the Plains. American Museun 
History Anthropological Handbook No 
Lowie. McGraw-Hill, New York, 1954 
lus. $4.75. 


() the 


world the 


average person throughout. tl! 


picture that comes to min 
subject of the American Indian is mentiones 
the Plains warrior, tall, handsome, wearin 
feather war bonnet, and probably mounted « 

During the period of westward expanslo! 
ful Plains tribes caught the popular imagil 
they virtually became a symbol for Ameri: 
in general, 

Yet despite this popular interest, until 
ance of the work under review, there has n 
an adequate book treating the Plains area 
grated unit. Robert H. 


the Plains, has handled a complex subject 


Low ie, foremost al 


prehensive and orderly fashion. He well 
that the selection of the Plains region as a « 
is based on rather arbitrary criterions, Six 
guistic stocks are represented, and there is 
able variation in physical type and in custon 
eral. Historically, the places of origin of 
tribes are widely separated. Many of the | 
tribes entered the Plains from the Eastern \ 
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t historic times. There were semi- 


it 


yracticing agriculture and others were 


ertain practices throughout the Plains 


common to all tribes, thus justifying 
the area as a unit. Foremost of these, 


are 


ce on the buffalo, residence in skin- 
ise of the horse for the hunt and for 
peculiar style of decorative and of 
rt. the sign language, the ideology of 
Sun Dance and less conspicuous fea- 


naturalism. 


f this combination of traits may well 
sent in the nomadic tribes encountered 
n 1541, as were the traits exhibited by 
iry tribes seen on the same expedition. 
rrivals to the Plains built on this basis, 
horse. This is not surprising since Plains 
yparently always had more affinity with 
Woodlands than with the Southwestern and 
areas. 
ume of the new handbook series of the 
\fuseum of Natural History has set a high 
vill be ideal both as a textbook and for 
neral reader, 
M. W. Stirtinc 
erican Ethnology, Smithsonian Institution 


tion to the Study of Insects. Donald a 
id Dwight M. DeLong. Rinehart, New York. 
030 pp. Illus. $9. 


ntroduction to insect study is offered as the 
for a beginner's course in college entomology, 
for teachers and others interested in the 
nsects, and as a textbook for advanced work 
lassification. 
npting to achieve these ends, the authors de- 
each to general information on insects 
, to anatomy and physiology, and to de- 
and metamorphosis. ‘These are followed by 
ipter on classification, nomenclature, and identifi- 
d by one that treats the orders generally. A 
provided for the 26 orders recognized. Each 
then treated in sequence in a separate chapter 
ludes a key to the families (and sometimes to 
nilies) occurring in the U.S., concise synopses 
nilies represented, and a section on collecting 
erving the species peculiar to the order. Nu- 
lustrations depict the adult and immature 
various species and the structures used in the 
elected list of references to the literature is 
to each chapter. The arthropod relatives of 
are similarly treated; there are keys to the 
d to most of the families found in the U.S. 
200 or more pages of the work contain ac- 
the relations of insects to man, control of 
tailed methods of collecting and_ preserving 
it supplement those given under the various 


orders, types of collections for study and_ display, 
methods of rearing insects, sources of information on 
entomology, and so forth. A glossary and an index ari 
provided, 

The authors have accomplished then purposes well 
The treatment of habits, anatomy, physiology, and 
metamorphosis, although brief, is up-to-date and suth- 
cient for the beginner. Classification and nomenclature 
are covered thoroughly. The section on the pronuncia- 
tion of technical names and terms will have wide ap- 
peal. Procedure in collecting and preserving insects 1s 
dealt with in such detail that the student will seldom 
need to consult other sources. I welcome particularly 
the emphasis throughout the book on the study of the 
living insect 

It is difficult to find fault with this book. Perhaps 
the excursion into the field of economic entomology 
has gone further than necessary in an elementary work 
\t least, the 10 pages on insecticides could have been 
condensed without loss of usefulness, but their inclu 
sion does not detract from the general excellence of the 
book. 

Cuaries H. RicHarpson 


Santa Barbara, 


Insect Fact and Folklore. Lucey W. Clausen. Macmillan, 
New York, 1954 194 pp. Illus. $3.50. 


HE advance publication in Natural History (June, 

1954) of illustrated excerpts from Lucy Clausen’s 
Insect Fact and Folklore aroused an interest and a 
sense of anticipation that have proved to be fully justi 
fied. The book is a compact store of accurate entomo 
logical and anthropological material presented in an 
unusual way. Writing primarily io introduce the lay 
man to the world of insects—their great economic and 
medical importance and their amazing interest as crea 
tures in their own right—the author has emphasized 
their close linkage with man from earliest times and 
their role in his culture. 

The character and range of the book can, perhaps, 
be best suggested by a sampling of the 15 chapter 
headings: “Velvet wings—the moths and _ butterflies”: 
“Tnsects Wm armor the beetles’: *Dogvers of civiliza 
tion—the flies”; “Insect hypodermics—the bugs’; and 
“Undercover workers—the termites.” The information is 
presented simply and with a minimum of technical 
terms. The reader is at once told how to recognize an 
insect and something of its classification, size, structure, 
growth, and potential powers of reproduction. The 
forms chosen for discussion are usually well known 
Some are important producers of useful substances such 
as silk, honey, beeswax, lac, and dyes. Others are ex 
ceedingly destructive and dangerous. 

For the scientist the most instructive aspect of the 
book will be the “folklore” the associations of insects 
with the myths and customs ot pt oples ot Various coun 
tries, including our own. Along with the more familiar 
classical stories he will meet, for example, the Indian 
legend of how South Wind breathed life into beautifully 


colored pebbles which took wine to become the first 


fla 





moths and butterflies, or the Chinese myth of the glow- — writing suggest haste in the preparation « 
worm, the spirit of a small boy searching for his lost Sentence construction is, in some places 
coppers. make the meaning doubtful; for exan 

\t the end of most chapters there is an interesting “The purity of the microbial culture is 
miscellaneous section containing proverbs, general state- tant, if not more so, than it is in growin 
ments, and symbols, for example, the use of the mos- A number of words are incorrectly use: 
quito on a Mexican revenue stamp to gain funds to Sections concerning animal host structur: 
combat malaria. A final chapter on “Progress—science are much less well done than those dea 


and insects” points up some of the major insect prob- — teria. The paragraphs headed “Mechani 


lems and some of the latest methods of attack. ological barriers of man,” (pp. 302 ff 
Instructive illustrations by Mrs. Fairservis, drawn incomplete and erroneous statements. | 
with expression and imagination, enrich the text. blood as a protective factor, no menti 
\ bibliography of over 130 items might well have phagocytes; lymph is desc ribed asa fluid | 
included The Songs of Insects (1948) by George W. elements. In another place erythrocyt 
Pierce and Bees (1950) by Karl von Frisch. There is have cell walls. It is to be hoped that in 
a good workable index which might profitably have — edition these matters will be given attent 
listed the countries and peoples whose folklore and = mar a book that should be useful. 
customs are treated. One wonders why the cover design RutHy Met 
of a book on insects should represent a spider. Department of Biology, Winthrop Colle 
Lucy Clausen’s novel book should reach and_ be 
enjoyed by a wide range of readers. Intertidal Invertebrates of the Central Cal 
Griapys K. McCosu Rev. of S. F. Light’s Laboratory and 1 
Department of Zoology and Physiology, Invertebrate Zoology. Ralph I. Smit! 
Wellesley College Pitelka, Donald P. Abbott, and Frances 
Univ. of California Press, Berkeley, 1954 
} pp. Illus. $5. 
Vicrobes and You. Stanley E. Wedberg. Macmillan, 


New York, 1954. ix +439 pp. Tlus. $4.50 HIS book is presented as a faunal manual d 


to advanced students in general invertebrat 
HIS textbook has been prepared for a terminal ology and marine ecology. Although it is based 
survey course in microbiology, presumably of one — limited faunal area, there is sufficient generalizat 

semester. It is addressed to students with little scien- the material that it is to be expected that 

tific knowledge. The style is informal. In general the — tion developed in connection with its predecessor 

descriptions of organisms and of processes are lucid. be continued in associating this volume with 

Che book is read easily, is interesting, and will probably — of local textbooks and syllabuses. A section 


fi 


hold the attention of students. studies, with specific exercises outlined, furnis! 
The first 10 of the 23 chapters are devoted princi- indication of the particularly successful appro: 
pally to bacteria. Their morphology, metabolism, cul- — the course that led to the development of this text 
ture, identification, classification, and relationships with The body of the work consists of keys and fau 
their environments are well described. The next five — by systematic groups, prefaced by expositions and 
chapters deal with water, sewage, air, soil, and food, — trations of taxonomic characters. Descriptions 
with reference to the microbes they contain. There is — saries such as are not readily available, partici 
especial emphasis on the pathogens and the means of — the North American fauna, include some not 
combatting them. Microbial, particularly bacterial, dis- amples, among others, in the treatments 
eases are considered in the four chapters—‘Vectors,” polychaetes, crustaceans, molluscs, bryoz 
“Tmmunity,” “Natural barriers to invading organisms,” — tunicates. 
and “Diagnostic tests for immunity and for infection”: Much original material and considerabl« 
quarantine and theories of disease are also treated of distributional information are included. Kk 
The last chapters deal with molds, yeasts, Rickettsiae, checklists dealing with the sponges, sea 
Viruses, and blood grouping. The molds and yeasts are hydromedusae, ctenophores, poly lads, 
considered very briefly as to classification, structure, — phoronids, echinoderms, tunicates, polychaetes 
economi importance, and pathogenicity. The Rick- branchs. amphipods, isopods, and Ps nogonia 
ettsiae are covered somewhat more fully. The most findings that are the result of years of field effort 
common of these, their vectors, the diseases themselves, of extensive fundamental research. Most of 1 
and protections against them are described. Viruses — mation is not available in print elsewhere. In 
receive similar treatment. The chapter on blood group- — category, but perhaps deserving special menti 
ing is conventional. novelty of their inclusion, although their cry 
Phroughout, the emphasis is upon the pathogens and in such works has been long acknowledged 
their effects upon man. There is brief reference to keys to the intertidal insects, marine mites, 
nitrogen bacteria and to the carbon cycle in the chap- _ fishes, and algae. Fifty-four pages of painstaki 
ter on soils. Autotrophic bacteria are referred to in two — notated bibliography conclude the volume. 
sentences. Iron bacteria are mentioned once. Paul 
Numerous instances of carelessness in editing and Department of Zoology, University of Washing 
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n Procedures, Harold P. Klug and Leroy 


cA Wiley; Chapman & Hall). Reviewed 
R Marsh. 
F 1 Process, Julian Huxley, A. C. Hardy, and 
; EB Eds. (Allen & Unwin). Reviewed by ‘I 
Dol 
Dy? s of Thin Bodies, F. I. Frankl and E. A. 
Karp Interscience Reviewed by C. Truesdell 
1 bolism, R. B. Fisher (Methuen: Wiley 
R by C. S. Vestling. 
ry eporis for 1950, vol. 13, A. J. C. Wilson, 
(: Oosthoek). Reviewed by G. W. Brindley. 
Anatomy of the Vertebrates, George ( 
Kent, J Blakiston). Reviewed by A. S. Romer. 


any Research on Problems of Utilization of Saline 
Wate Arid Zone Programme, No. IV, (UNESCO 


Reviewed by S. T. Powell 


Col ia Univ. Press 


11 February 


Image Evaluation, Proc. of NBS Symposium held 
Oct. 1951 (Supt. of Documents, GPO). Re- 

ewed by G. Westheimer. 
nt Regulators in B. Tukey, Ed 
Wiley; Chapman & Hall). Reviewed by J. C. Frazier 
ermo-Mikro-Methoden, Ludwig Kofler and Adelheid 
Kofler (Verlag Chemie). Reviewed by G. B. Bachman 
ul Determinants of Microbial Diseases, Rene J 
Reviewed by R. D 


Agriculture, H. 


Dubos (Harvard Univ. Press 
Housewright. 
fere | Equations with Application, Herman Betz, 
Paul B. Burcham, and George M. Ewing (Harper 
Reviewed by N. J. Rose. 
Pychomotor Aspects of Mental Disease, H. E. King 
Harvard Univ. Press). Reviewed by R. C. Davis. 

Elementary Chemical Composition of Marine Or- 
canisms, Mem. No. 2, A. P. Vinagradov (Yale Univ. 
Press). Reviewed by V. T. Bowen. 


17 Introduction to Human Biochemical Genetics, H 
Har Ss 


Cambridge Univ. Press Reviewed by B 


Books Reviewed in SCIENCE 


SEW 






Methuen 


Inorganic Analysis, G. Charlot 


4 


Qualitative 
Wiley Reviewed by F. E. Brown 
General Theory of High S pee 1 Aerodynamics, vol. VI 


Hi h S pee 1 Aerodynan ics and Jet Propulsion, W R 


Sears, Ed Princeton Univ. Press). Reviewed by C. B 
Millikan 
25 February 
Neuere Probleme der Abstammunegslehre-Die tran 
pezifische Ff lution, Bernard Rensch Ferdinand 


Buzzati- Traverso 


Enke Verlag Reviewed by A. A 


The Mind and the Eye, Agnes Arber (Cambridge Univ 


Press Reviewed by W R Amberson 
Relative Chronoli Les 1? Old Wor Archaeol oY, Rob- 
ert W. Ehrich, Ed Univ. of Chicago Press Ri 


viewed by M. J. Mellink 

Biochemistry and Human 
Walker, William C. Boyd, and Isaac 
& Wilkins). Reviewed by W. Frajola. 

The Theo Metals, A. H. Wilson (Cambridge Univ 
Press). Reviewed by K. Lark-Horovitz. 

Abhandlungen aus der Sowjetischen Astronomie, Folge 
II. Gesellschaft fur Deutsch-Sowjetische Freundschaft 
Otto Singer, Ed. (Verlag Kultur und Fortschritt). Re 
viewed by D. ter Haar 


The Man u al of Antibiotic § 


Burnham § 


Williams 


Metabolism, 
Asimov 


1954-1955, Henry Welch, 


Ed. (American Pharmaceutical Assoc Reviewed by 
R. E. Crist 

Pigment Cell Growth, Myron Gordon, Ed Academie 
Press). Reviewed by G. DuShane 

Explaining the Atom, Selig Hecht. Rev. by Eugene 


Reviewed by O. Oldenbere 
I un ped-Paran éter 


‘Wiley; Chap- 


Rabinowitch Viking 
Linear Transient Analysis, vol. I 
Two-Terminal Networks, Ernst Webe1 
man & Hall). Reviewed by L. D. Runkle 


Connective Tissues, Trans. of the 4th Conference, 18~—2( 


Feb. 1953, Charles Ragan, Ed. (Josiah Macy, J: 
Fdn.). Reviewed by J. A. Arcadi 
Grundlagen und Praxis chemischer Tumorbehandlung 


Medizinischen 
Reviewed 


Zweites Freiburger Symposion an det 
Universitats-Klinik. J 
by S. Pelle: 


Pirwitz (Springe. 





we New Books we 


Los Hidro-Metabolites vy las “Enfermedades de la Civ- 
ilizacion.” P. Puig. Libreria Editorial, Argos, S.A., 
Barcelona Buenos Aires, 1954. 325 pp. Paper, P. 100 

Fundamentals of Electrical Engineering. Based on thi 
rationalized M.K.S. system of units. Edward Hughes 
Longmans, Green, London—New York, 1954. 470 pp 
\ yt} 

Vodern Chemical Discoveries. Richard Clements. Dut 
on, New York, 1954. 290 pp. $5. 

Reports of the Biochemical Research Foundation of 
the Franklin Institute, vol. XII, 1952-1953. With an 
ndex to BRF pubs. Nos. 1 to 263 and BRF notes Nov 
1938 to Dec. 1953, bound in reports from BRF, vols 
[I to XII, 1930-1953. Biochemical Research Founda- 
on, Newark, Del., 1954. 

\eeded Research in Health and Medical Care. A bio- 

| approach. Cecil G. Sheps and Eugene E. Taylor 

Univ. of North Carolina Press, Chapel Hill, 1954 

216 pp. $5. 


\pril 


Practical Clinical Biochemistry. Harold Varley. Int 
science, New York: Heinemann, London, 1954 1 


pp $6.50 
The New Men. A novel. ( P. Snow. Scribner's, New 
York, 1954. 311 pp. $3.50. 


Index XII to the Literature of American Economic 

Entomology, 1952. Compiled by Ina L. Hawes. Ent 

mological Society of America, Washington 5, 1954 

32] pp $3 

Studies in Mathematics and Mechanics. Presented 
Richard von Mises by friends, colleagues, and pupils 
Academic Press, New York, 1954. 353 pp. $9 

{ Bibliographical History of the Ray Society. Richard 
Curle. Ray Society, London, 1954. 101 pp. £10 6s 

Kimble. McGraw 

$4.75 


Our American Weather. George H. 1] 
Hill, New York—London, 1955. 322 pp 


Probleme und Beispiele biologischer Regelung. R 
Wagner 
DM. 29.40 


Georg Thieme, Stuttgart, 1954 19 pp 









Scientific Books, Libraries and Collectors. A study of 
bibliography and the book trade in relation to science. 
John L. Thornton and R. I. J. Tully. The Library 
Association, London, 1954. 288 pp. 24s. 

High-Energy Accelerators. M. Stanley Livingston. Inter- 
science Tracts on Physics and Astronomy, No. 2, R. E. 
Marshak, Ed. Interscience, New York—London, 195+. 
157 pp. $3.25. 

The Plant Quarantine Problem. A general review of the 
biological, legal, administrative and public relations of 
plant quarantines with special reference to the U.S. 
situation. W. A. McCubbin. vol. XI of Annales Crypto- 
gamici et Phytopathologici. Frans Verdoorn, Ed, Ejnai 
Munksgaard, Copenhagen, 1954 (U.S. Distrib.: Chron- 
ica Botanica, Waltham ,Mass. 255 pp. $4.80. 

Einfuhrung in die biologische Registriertechnik. 
Herbert Klensch. Georg Thieme, Stuttgart, 1954. 222 
pp. DM. 33. 

Engineering Cybernetics. H. S. Tsien. McGraw-Hill, 
New York—London, 1954. 289 pp. $6.50. 

Dictionary of Last Words. Compiled by Edward S. Le 
Compte. Philosophical Library, New York, 1954. 267 
pp. $5. 

Composition of Scientific Words. A manual of methods 

a lexicon of materials for the practice of logo- 
technics. Roland Wilbur Brown. Roland W. Brown, 
Natl. Museum, Washington 25, 1954. 882 pp. $8. 

Standard Values in Nutrition and Metabolism. Being 
the second fascicle of a Handbook of Biological Data. 
Prepared under direction of Committee on the Hand- 
book of Biological Data, American Institute of Biologi- 
cal Sciences, Natl. Research Council. Errett C. Albrit- 
ton, Ed. Saunders, Philadelphia—London, 1954 380 pp. 
Paper, $6.50. 

The Origin of Russia. Henryk Paszkiewicz. Philosophical 
Library, New York, 1954. 556 pp. $10. 

Diagnostic Cytologique du Cancer Génital chez la 
Femme. Raymond Bourg, Claude Gompel, Jean-Paul 
Pundel. Masson & Cie, Paris, 1954. 176 pp. F. 4.800 

Contributions to Embryology. vol. 35, Nos. 231-241. 

Institution of Washington, Washington 5, 
1954. 237 pp. Paper, $12; cloth, $13. 

An Essay on Christian Philosophy. Jacques Maritain. 
trans. by Edward H. Flannery. Philosophical Library, 
New York, 1955. 116 pp. $2.75. 

The Bomb, Survival and You. Protection for people, 
buildings, equipment. Fred N. Severud and Anthony F. 
Merrill. Reinhold, New York, 1954. 264 pp. $5.95. 

Theoretical Mechanics. Robert A. 
Becker. International Series in Pure and Applied 
Physics. Leonard I. Schiff, Ed. McGraw-Hill, New 
York—London, 1954 420 pp. $8. 

Glutathione. Proc. of the symposium held at Ridgefield, 

Nov., 1953. S. Colowick, A. Lazarow, 

R. Schwarz, E. Stadtman, and H. 

Press. New York, 1954. 341 


and 


Carnegie 
) 


Introduction to 


Connecticut, 
E. Racker, D. 
Waelsch, Eds. Academic 
pp. $7.50. 

Tobati: Paraguayan Town. Elman R. Service and Helen 
S. Service. Univ. of Chicago Press, Chicago, 1954. 337 
pp. $7. 

The Scientific Revolution, 1500-1800. The formation 
of the modern scientific attitude. A. R. Hall. Longmans, 
Green, London—New York, 1954. 390 pp. $3.50. 

Exploring Mars. Robert S. Richardson. McGraw-Hill, 
New York—London, 1954. 261 pp. $4. 

The History and Conquest of Common Diseases. Wal- 
ter R. Bett, Ed. Univ. of Oklahoma Press, Norman, 
1954. 334 pp. $4. 
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Nuclear Geology. A symposium on nuclea 
in the earth sciences. Wiley, New York 
Hall, London, 1954. 414 pp. $7. 

The Mathematical Prectitioners of Tudor 
England. E. G. R. Taylor. Cambridex 
New York 22, 1954. 443 pp. $9.50. 

Underwater Photography aid Television. 
of equipment and techniques. E. R. Cros 
Press, New York, 1954. 258 pp. $6. 

The Human Brain. John Pfeiffer. 
1955. 273 pp.-$3.75. 

Applied Geophysics in the Search for Minera 
Eve and D. A. Keys. Cambridge Univ. Pres 
22, ed. 4, 1954. 382 pp. $7.50. 

Vitamins and Hormones. Advances in reseal nd 
plications. vol. XII. Robert S. Harris, G. F. 
and Kenneth V. Thimann, Eds. Academic 
York, 1954. 305 pp. $7.50. 

Laboratory Instrumentation in Psychology. \\ 
W. Grings. National Press, Palo Alto, Calif 
pp. $4.75. 

Existence Theorems for Ordinary Differential Equa. 
tions. Francis J. Murray and Kenneth S. M \ 
York Univ. Press, New York 1954 (Distr 
science). 154 pp. $5. 

Man and His Motives. An approach to adjust 
remotivation. Ernest Windle and James W. M 
position Press, New York, 1954. 197 pp. $3. 

From Classical to Modern Chemistry. Some 
sketches. A. J. Berry. Cambridge Univ. Pres 
York 22, 1954, 251 pp. $4.75. 

Some Furcéamentals of Petroleum Geology. G 
Hobson. Oxford Univ. Press, London—New Yo. 

139 pp. $2.90. 

Relativity for the Layman. A simplified account 
history, theory, and proofs of relativity. James A. ( 
man. William-Frederick, New York, 1954 
$2.75. . 

Laboratory Exercises on the Plant Kingdom. | 
Lemon and Norman H. Russell. Brown, Dubugue, | 
1954. 121 pp. $2.50. 

The Chemistry of Petroleum Hydrocarbons. 
Benjamin T. Brooks, Cecil E. Boord, Stewart S. Kur 
Jr., and Louis Schmerling, Eds. Reinhold, New Yi 
22, 1954. 664 pp. $18. 

Concise Dictionary of American Grammar and Usagi 
Robert C. Whitford and James R. Foster, Eds. PI 
sophical Library, New York, 1955, 168 pp. $4.5! 

Cancer: Race and Geography. Some etiological, 
vironmental, ethnological, epidemiological, and 


} 
a Stuy rt 


Harper, 


tical aspects in Caucasoids, Mongoloids, Negroids, 
Mexicans. Paul E. Steiner. Williams & Wilkins, B 
more, 1954. 363 pp. $5. 

Annual Review of Nuclear Science. vol. 4. Jai 
Beckerley, Martin D. Kamen, and Leonard I. Sc! 
Eds. Annual Reviews, Stanford, Calif , 1954. 
$7. 

Sonics. Techniques for the use of sound and ult: 
in engineering and science. Theodor F. Huet 
Richard H. Bolt. Wiley, New York; Chapman & H 
London, 1955. 456 pp. $10. 

Recent Civil Engineering Works in Japan. Jap 
ciety of Civil Engineers, Tokyo, 1954. 226 pp. 

50 Jahre Arzneimittel-Forschung. C. L. Lautensc! 
Thieme, Stuttgart, Germany, 1955 (Order from 
continental Medical Book, New York 16). 4 

$8.60. 
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@ Stuy 
riations in Productivity among 
Creative Workers 
imes McKeen Cattell wrote (/ “We do 
hether progress [in science] is in the main 
e number of faithful workers or the genius 
Today the general problem posed by Cat- 
insolved. Without trying to assess “progress” 
w elsewhere, I shall, however, attempt to 
attell’s problem as it relates to one tangible 
creative work, namely, productivity as de- 
rms of sheer number of works produced (2 
is analyzed were chosen on a twofold basis: 
presented diverse fields; and (11) a convenient 
1y, relatively complete for some specified 
time, was available in each field. These areas 
urces of data were as follows: 
bliography of secular music published in Amet 
the 18th century (3 
books represented by the Library 
ards, as of 1942 (4 


\ recently published bibliography of 


of Congress 


gerontology 
trics ) 
North geology fox 


\ bibliography of American 


6 


1944 


\ bibliography of infantile paralysis, 1789 


The decennial index to Chemtcul Abstracts for 


18) 8 


\ bibliography of linguistics for 1939-47 (9 


hould be noted that each of these bibliographies 


sa minimum of selectivity and of evaluation. 
cally all published materials coming within the 
f any of these bibliographies may be presumed t 
been included. 
thin each bibliography, a sample of 200 authors 
hosen for analysis. Insofar as possible these samples 
chosen to obtain a random selection. The method 
with the nature of the 


sampling varied somewhat 


raphy and the arrangement of the author index. 
\herever feasible, the procedure was to determine 


proportion n of the total number of authors in a 


Table 1. Distribution of product 


Highest 
individual 
record 


Total 


Group 
items 


146 
56 
( ntology 
| geriatrics 17 
gy \ 64 
tile 
alysis 
istry 
stics 


Proportion 


bibliography should be chosen to obtain a sample of 
200, and then to choose every nth name in alphabetic 
order. However, in order to simplify the task, in some 
instances certain names on every xth page or column 
Thus, in Shock’s 


index 


nth name. 
the 


were taken instead of every 


bibliography ?) we turned to name and 
chose the name at the top of each column, a procedure 
that yielded approximately 200 names. To obtain the 
round number of 200 in each sample, a procedure that 
would have yielded slightly more than 200 was stopped 
after 200 had obtained. If 


than 200 names were obtained, the necessary additional 


names been slightly fewel 
names were picked at random. 

\fter the authors had been selected, the total number 
of items attributed to each man in the bibliographi 
source was recorded. The men of a given group were 
arranged in order according to thei degree ot produc- 
tivity. The total productivity of the entire 200 was then 
the of the total 
duced by each decile was calculated. The results of this 


Table iF In lable l 


shows the total number of items produced by each 


determined. Finally, proportion pro- 


analysis are shown in addition, 
sample of 200 and also the number of items produced 


The 


hand column indicates how many persons in each group 


by the top-ranking person in each group. right- 
contributed only one item each to the bibliography. 
Several aspects of the data presented in the table 
should be noted. Among these are the high proportions 
of the total number of items contributed by the first 
deciles, ranging from 64 to 34 percent of the total num- 
ber of items in various populations. The median value 
for the contribution of the top decile is 49 percent. In 
other words, in each of several creative fields, 10 percent 


the 


The contributions of deciles beyond the first decile be- 


of the men perform roughly 50 percent of work 
come progressively less until a plateau is reached, the 
plateau being due to the large number of persons who 
produce only one item each. 

If the three highest deciles are combined, it will be 
found that their share of the group productivity ranges 


from 85 to 59 percent of the total. If the men in the bot- 


ivity among creative workers. 


of total produced by each decile No = 
persons in 200 


producing only 
0 : 
one item each 
0.04 0.03 0.02 O. 
06 .03 .03 


0.01 0.01 9] 


120 


04 03 
05 = .02 


05 05 05 
06 04 


Ob Ob ; 06 06 





tom 50 percent of each group are combined, their total 
contribution is, in every instance, less then the contri- 
bution of the highest decile. 

In certain respects the productivity of the less active 
persons is overestimated by our figures. In our data only 
those members who produced something were included. 
A man may be a professional chemist, geologist, linguist, 
and so on, and publish nothing within a specified period 
of time. If representation in our lists had been based on 
professional affiliation instead of on listings in a bibliog- 
raphy, the proportionate contribution of the less produc- 
tive components of a group would have been even less 
than has been indicated. 

\n examination of the record of the highest ranking 
man in each group shows that in one group, music, this 
man was the author of 10 percent of the total number of 
items. In several other groups the contribution of the 
most productive individual was almost as high. We 
refer, of course, to the relationship of his contribution to 
that of a sample of 200 and not to the relationship of 
his contribution to the total works in his field. However 
it should be noted that, in absolute terms the highest 
record among all persons in a field will usually be con- 
siderably larger than the record of the most productive 
member of a random sample of 200. 

It is interesting to compare the output of the most 
productive person in a group of 200 with the output of 
men toward the bottom of the group, most of whom 
were responsible for only one item. Thus the output of 
the highest ranking man in the music group was equal 
to the total output of the 100 men who were below the 
median of the group. The most productive author in the 
books group had an output equal to the combined out- 
put of the 56 least productive authors. In geology, it 
would be necessary to add to the group 64 low-decile 
men to counterbalance the loss of the single most pro- 
ductive geologist found in our sample. Relationships 
within the other groups, which can be calculated from 
Table 1, are comparable to those just cited. 

lhe figures to which I have just called attention show 
clearly that the majority of creative contributions is 
made by a minority of the contributors, and that the 
numerous low-productivity persons are responsible for 
a very small part of the total. These data for seven 
diverse fields of creative work are in essential agreement 
with the finding previously published for psychologists 

10 
WayNeE DENNIS 
Department of Psychology, 
Brooklyn College, Brooklyn, New York 
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Dogmatism as an Element of Acceptance 
of Theory 


The articles in the symposium Reasons f{ 
ceptance of Scientific Theories |Sci Monthly 
1954 Philipp ( 
seem to lose themselves in abstract involved | 


particularly the one by 


parently the difficulty is a confusion of scientifir 
that have an_ objective the 
characteristic is an absence of dogmatism) and tl 


basis (here, 


that have a subjective basis (here, dogmatism 
heart of belief 
worship according to a certain ritual and hay 


Thus, the conception that 


beliefs to stand in with God is only a_postulat 
same applies to many social and economic be! 
many people are dogmatic to a point where 
willing to kill those who disagree with their 
social, or economic beliefs. Many followers 
Marx are an example of the last, although it 
probable that the theories of a man who lived 
than 100 years ago and who had little indust: 
perience, could have any validity as applied 
modern managerial (as distinct from capitalist 
dustrial system. Many anti-Marxists are aln 
dogmatic. 

Frank treats the Copernican-Ptolemaic controvers 
a conflict between two scientific theories, regard 
as if they had nondogmatic adherents. As a mat! 
fact, the Ptolemaic theory became part of religi 
had such an emotional basis that it was danger 
Galileo found, to express a belief that Coperni: 
have been right. 

In fact, while tolerance is the very heart of s« 
theory, the presence of tolerance can destroy 
emotionally based theories. An orthocox Jew 
Catholic hold conflicting religious theories, but 
are to the other, “Y« 


believe what you want and I will believe what I 


tolerant, each must say 
Hence, in an important matter such as _religiot 
lately religion has been given the utmost import 
everyone, to be tolerant, believes what he Wa 
believe. Since an approach applicable to religio1 
certainly be applicable to less-important social 

tions, we find ourselves in a position to believé 
we want to believe in our everyday dealings. | 


submit, leads to a highly immoral social system. 
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there is no sharp line between emotional 
heories. A scientist may have an emo- 
for adhering to a scientific theory. But 
have learned, as lawyers have, that sharp 
nonexistent, and we must recog- 
and proximity. In the limit 
but as 






few or 


A s of degree 






line, 





nes merged into a straight 





ww when we are dealing with circles and 


lealing with 





straight lines. 
HyMEN 
) |} Street, Pittsburgh 32, Pennsylvania 





DIAMOND 







Hymen Diamond objects to the “abstract involved 
s used in the papers in the symposium on 
the Acceptance of Scientific Theories, and 
my paper. The purpose of my paper was 







ance 





reasons for the acceptance of theories in 
s in itself scientific and is applicable to all 





ories. Diamond restricted himself to a very 


simply distinguishing between theories with 





formulation of the criterions for «a 






basis and theories with a subjective basis 
] 
i 





verv misleading distinction. The basis of a 





data of our experience; in this sense, 


S the 






ve an objec tive basis. However, every theory 





» build set of principles by means of 


up a 





imagination and to derive the facts of ou 





from a small number of invented principles 





every theory also has a subjective element 
that 
isand a subjective top. 


N sc 





We can say every theory has an objective 







dogmatic does not refer to a theory; it 


social role of a theory; it refers to the fact 


mh 





sto the 






eceptance of a theory is enforced by or not 





enforced by some authority. The views of the orthodox 
Cat are not more subjective than the views of the 
lhe philosopher of the Middle Ages believed 

he could prove the existence of God as objectively 
gravitation or any 


which 


an prove the existence of 
r generalization, The question is 


a certain purpose. 


merely 
ry is more practical in obtaining 
s question can be answered only if we describe 


pose that we want to achieve. The choice of a 


r purpose is, in a certain sense, subjective, but, 


roader sense, it is objective too, because the 
lepends upon the social situation of the scientist. 
this situation, it can be predicted, to a certain 
whether one will prefer a theory that is tech- 
lly helpful or a theory that can exert a direct 
fluence on human behavior, for instance, a moral or 
gious influence. 
Diamond objects to treating the Copernican-Ptole- 
ontroversy as a conflict between two scientific 
ries. He thinks that the Ptolemaic theory had only 
c adherence. This is certainly not correct. It 
known that men like Francis Bacon and Tycho 
brahe, both men of scientific minds, rejected the Co- 
theory Newton 
ke of the Ptolemaic The 


between these theories could become final only 


grounds. Fven 


with high regard. 


scientific 
theory 


on 








when a historical situation developed that gave mot 
a theory 


importance to the mathematical simplicity of 
doctrine 


than it did to its helpfulness in supporting the 
of traditional religion. I do not think that an orthodox 
Jew and an orthodox Catholic would say to each other, 
will believe 


you want, and | 


could speak in this way, they 


“You may believe what 


what I want.” If people 

would not be orthodox. Thomistic philosophy claims 
that its arguments make no appeal to emotion but ar¢ 
completely rational. It does not make any sense to say 
simply that a circle consists of a straight line or that 
it does not consist of a straight line. It depends upon 


the problem to be solved by this statement. Each state 


ment is true or not true in relation to the problem t 
be solved. 
Puitipe G. FRANK 
Ins ltute f the I nity Bs" ? 
Boston 16, Massachuset 
Signals through Space 

Iwo errors in my article, “Signals through space 
Sci. Monthly 79, 170 Sept 1954 have been called 
to my attention. Charles A. Federer, Jr editor of S/ 
and T lesco pe noticed that Fig ] | p 175 Was I 
a photograph of the Large Magellanic Cloud, but 


photograph of one part of the Andromeda nebula 


Walter Baade of Mount Wilson and Palomar O 
servatories pointed out that “the final distance of tl 
Andromeda nebula will be in the neighborhooe 
million light vears,” not 750,000 It vr (|p. 173 

Witttam L. Rost 


Re Sea? h 
Westinghouse 





Large Magellanic Cloud [Harvard College 


The 


servatory 





















Food for Mankind 


S. A. Asdeil Sci. Monthly 79, 318 (1954). is 


tainly correct in his discussion of food-raising when he 


CCcTr- 


points out the trend toward rapid growth at the expense 


of flavor. It may be all too true that the meat of the 
future will be cultured in hay infusions and served in 
thin wafers. 

Since farmers may not be able to grow food enough 
for the increasing population, our food scientists might 
find it worth while to expand their research on non- 
biological sources. William C. Rose, of the University 
of Illinois, has shown that eight relatively simple amino 
which can be ingested as such 


acids will supply the 


total nitrogen requirements of the huma: body ij 
y. Al 
eight of these acids have been synthesized. 


In the United States we put onto the si 


each Vear 


: nsume jp 
our food, About 85 percent of this nitrogen is fixed y 


about twice as much fixed nitrogen as we 


means of energy (or materials) obtained fri 


1 Oil, col 
or natural gas. 


It would be fairly easy to use the nitrogen in chem. 
Ur amino 
ntrate op 


cal reactors and synthesize a large part of 
acids directly. Then our farmers could con 
crowing things that taste good. We could eed more 
people, and all of them could eat like epicures! 
Epwarp [| 
Evanston, Illinois « 
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ASSOCIATION AFFAIRS 


AAAS SOCIO-PSYCHOLOGICAL PRIZE 


Through the generosity of an anonymous donor, 
the AAAS offers an annual prize of $1000 for a 
meritorious essay in socio-psychological inquiry. 
Phe conditions of competition for the prize to be 
Atlanta, 
Georgia, 26-31 December, are as follows: 

1) The the 


prehension of the psychological-social-cultural be- 
the 


awarded at the 1955 annual meeting, 


contribution should furthet com- 


havior of human. beings relationships of 
these hyphenated words being an essential part of 
Whether the 


himself to be an anthropologist, a psychologist, a 


the inquiry. contributor considers 
sociologist, or a member of some other group is un- 
important, as long as his essay deals with basic 
observation and construction in the area variously 
known as social process, group behavior, or inter- 
personal behavior. For ease of reference in the rest 
of this statement, this general area will be called 
social be havior. 

2) The prize is offered to encourage studies 
and analyses of social behavior based on explicitly 
stated assumptions or postulates, which lead to 
testable conclusions or deductions. In other words, 
it is a prize intended to encourage in social inquiry 
the development and application of dependable 
methodology analogous to the methods that have 
proved so fruitful in the natural sciences. This is 
not to state that the methods of any of the natural 
sciences are to be transferred without change to 
the study of social behavior, but rather that the 
development of a science of social behavior is 
fostered through observation guided by explicit 
postulates, which in turn are firmly grounded on 
prior observations. It may be taken for granted 


that such postulates will include a_ spatial-tem. 
poral framework for the inquiry. It may properly 
be added that the essay should foster liberation 
from philosophic-academic conventions and from 
dogmatic boundaries between different disciplines 

3) Hitherto unpublished manuscripts are eligi 
ble, as are manuscripts that have been published 
since 1 January 1954. Entries may be of any 
length, but each should present a completed analy 
sis of a problem, the relevant data, and an inter 
pretation of the data in terms of the postulates 
with which the study began. Preference will be 
given to manuscripts not over 50,000 words in 
length. Entries may be submitted by the author 
himself or by another person on his behalt 

1) Entries will be judged by a committee of 
three persons considered well qualified to judge 
material in this field. The judges will be selected 
by a management committee consisting of the 
vice president and secretary of Section K and the 
adminisirative secretary of AAAS. The Committee 
of Judges reserves the right to withhold the pri 
if no worthy essay is submitted. 

5) Entries should be sent to Dael Wolfle, Ad 
ministrative Secretary, American Association fot 
the Advancement of Science, 1025 Connecticut 
Avenue, NW, Washington 6, D.C. Entries should 
be submitted in quadruplicate. The name of the 
author should not appear anywhere on the ently 
itself but should be enclosed on a separate shett 
of paper which also gives the author’s address and 
the title of his essay. To be eligible for consider 
tion for the prize that will be awarded at the 195) 
annual meeting of the Association, entries mus 
be received not later than 1 September 1950 
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